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\ ATOMIC LAYER DEPOSITION SYSTEM AND METHOD 

FIELD OF INVENTION 

The present invention relates to advanced thin film deposition apparatus and methods used in 

5 semiconductor processing and related technologies. 
BACKGROUND 

As integrated circuit (IC) dimensions shrink, the ability to deposit conformal thin film layers with 
excellent step coverage at low deposition temperatures is becoming increasingly important. Thin film 
layers are used, for example, as MOSFET gate dielectrics, DRAM capacitor dielectrics, adhesion 
10 promoting layers, diffusion barrier layers, and seed layers for subsequent deposition steps. Low 

temperature processing is desired, for example, to prevent unwanted diffusion of shallow juncuons, to 
better control certain reactions, and to prevent degradation of previously deposited materials and their 
interfaces. 

The need for conformal thin film layers with excellent step coverage is especially important for 
15 high aspect ratio trenches and vias, such as those used in metallization layers of semiconductor chips. For 
example copper interconnect technology requires a continuous thin film barrier layer and a contmuous thru 
film copper seed layer to coat the surfaces of trenches and vias patterned in an insulating dielectnc pnor to 
filling the features with copper by electrochemical deposition (ECD or electroplating). 

A highly conformal, continuous barrier layer is required to prevent copper diffusion into the 
20 adjacent semiconductor (i.e., silicon) material or dielectric. The barrier layer also often acts as an adhesion 
layer to promote adhesion between the dielectric and the copper seed layer. Low dielectnc constant (..e., 
low-k) dielectrics are typically used to reduce inter- and intra-line capacitance and cross-talk, but often 
suffer from poorer adhesion and lower thermal stability than traditional oxide dielectrics, making the chotce 
of a suitable adhesion layer more critical. A non-conformal barrier layer, or one with poor step coverage or 
25 discontinuous step coverage, can lead to copper diffusion and current leakage between adjacent metal hues 
or to delamination at either the barrier-to-dielectric or barrier-to-seed layer interfaces, both of whtch 
adversely affect product lifetime and performance. The barrier layer should also be uniformly thin, to most 
accurately transfer the underlying trench and via sidewall profile to the subsequent seed layer, and have a 
low film resistivity (e.g., p < 500 pO-^m) to lessen its impact on the overall conductance of the copper 

30 interconnect structures. 

A highly conformal, uniformly thin, continuous seed layer with low defect density is required to 
prevent void formation in the copper wires. The seed layer carries the plating current and acts as a 
nucleation layer. Voids can form from discontinuities or other defects in the seed layer, or they can form 
from pinch-off due to gross overhang of the seed layer at the top of features, both trenches and vias. Vo.ds 
35 adversely impact the resistance, electromigration, and reliability of the copper lines, which ultimately 
affects the product lifetime and performance. 

Traditional thin film deposition techniques, for example, physical vapor deposition (PVD) and 
chemical vapor deposition (CVD), are increasingly unable to meet the requirements of advanced thin films. 
PVD such as sputtering, has been used for depositing conductive thin films at low cost and at relartvely 
40 low substrate temperature. Unfortunately, PVD is inherently a line of sight process, resulting in poor step 
coverage in high aspect ratio trenches and vias. Advances in PVD technology to address this issue have 
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■ m,.„ed in high cos., cnplexi,,, and mliabifiry issues. CVD pmce^s can be tnilomd » p,o«,d. 

conform*, films «i* improved s«p coverage. Unfinnmatel,, CVD processes .Ken h.gh pmcessmg 
..mpemnnns, maul, in the incorporate, of high impuriry conee.ne.ions, and have poo, pmewso, «. 
,earta»» oulfcanon efficiency, lending lo a high cos. of ownership. 
5 Atomic layer deposition (AID), or atomic layer chemical vapo, deposition (AL-CVD), ,s an 

' afiemanve to badidona, CVD methods .o deposit v.„ thin films. AID has seven,, advantages over PVD 
and nadinonal CVD. ALD can be performed at comparand, ..we, tempemtnres (which is companble 
with the hW nend ..word krwe, mmperanrres), has high pmcumor ufilMon efficiency, can prod.ee 
crforma, thin f„m Uycrs (i.e, .00% s.ep covemg. is Oreomncally possible), can eonno. f,.m rbrckness on 
,0 an atomic scale, and can tensed to W-engineer" complex ,hin films. 

A typical ALD process differs significantly from traditional CVD processes. In a typrcal CVD 
process, two more macron, gases am mixed mgedre, in ,te depnsrtion chamte, whom eidne, Orey moc, m 
*e gas phase and doposi, on Ore subsonte surface, ., dt.y mac, .„ Ore subsnam surface diKefr 
Deposit by CVD .ecu. fo, a specified lengd, of ,ime, based on One desued ducloress of On. deposted 
, 5 Z. Since una speeded ,ime is a funodnn .f ,te fiux of macanu in,o One ohamte,, ,te mqnbed .me m,, 
vary from chamber to chamber. 

In a typical ALD process deposition cycle, each reactant gas is introduced sequentially into the 
chamber, so that no gas phase intermixing occurs. A monolayer of a first reactant is physi- or chemisorbed 
onto the substrate surface. Excess first reactant is pumped out, possibly with the aid of an, nert purge gas. 
A second reactant is introduced to the depos.tion chamber and reacts with the first reactant to form a 
m0 nolayer of the desired thin film via a self-limiting surface reaction. The self-limiting reaction halts once 
the initially adsorbed first reactant fully reacts with the second reactant. Excess second reactant is pumped 
out again possibly with the aid of an inert purge gas. Adesired film thickness is obtained by repeating the 
deposition cycle as necessary. The film thickness can be controlled to atomic layer (i.e., angstrom scale) 
25 accuracy by simply counting the number of deposition cycles. 

Physisorbed precursors are only weakly attached to the substrate. Chemisorption results in a 
stronger, more desirable bond. Chemisorption occurs when adsorbed precursor molecules chemically react 
with active surface site, Generally, chemisorption involves cleaving a weakly bonded ligand (a portion of 
the precursor) from the precursor, leaving an unsatisfied bond available for reaction with an active surface 
30 site. 

The substrate material can influence chemisorption. In current dual damascene copper 

interconnects**^^ _ 
simultaneously cover silicon dioxide (Si0 2 ), low-k dielectrics, nitride etch stops, and any underlying metals 
such as copper. Materials often exhibit different chemical behavior, especially oxides versus metals In 
35 addition, surface cleanliness is important for proper chemisorption, since impurities can occupy surface 
" bonding site, Incomplete chemisorption can lead to porous films, incomplete step coverage, poor adhesion 
between the deposited films and the underlying substrate, and low film density. 

The ALD process temperature must be selected carefully so that the first reactant is sufficiently 
adsorbed (e.g., chemisorbed) on the substrate surface, and the deposition reaction occurs with adequate 
40 growth rate and film purity. A temperature that is too high can result in desorption or decomposition 
(causing impurity incorporation) ofthe first reactant. A temperature that is too low may result in 
.complete chemisorption of the first precursor, a slow or incomplete deposition reaction, no depos.tion 
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reaction, or poor film quality (e.g., high resistivity, low density, poor adhesion, and/or high impunty 

COntent) Traditional ALD processes have several disadvantages. First, since the process is entirely thermal, 
selection of an appropriate process temperature is often confined to a narrow temperature window. Second, 
5 the small temperature window limits the selection of available precursors. Third, metal precursors that fit 
the temperature window are often halides (e.g., compounds that include chlorine, flourine, or brormne), 
which are corrosive and can create reliability issues in metal interconnects. Fourth, either gaseous 
hydrogen (H 2 ) or elemental zinc (Zn) is often used as the second reactant to act as a reducing agent to bnng 
a metal compound in the first reactant to the desired oxidation state of the final film. Unfortunately, H 2 ts 

,0 anmefficientreducmgagentdu^^^ 

incompatible with 1C manufacturing. Thus, although conventional ALD reactors are suitable for elevated- 
temperature ALD, they limit the advancement of ALD processing technology. 

Plasma-enhanced ALD, also called radical enhanced atomic layer deposition (REALD), was 
proposed to address the temperature limitations of traditional thermal ALD. For example, in U.S. Patent 
15 No 5 916,365, the second reactant passes through a radio frequency (RF) glow discharge, or plasma, to 
dissociate the second reactant and to form reactive radical species to drive deposition reactions at lower 
process temperatures. More information on plasma-enhanced ALD is included in "Plasma -enhanced 
atomic layer deposition of Ta and Ti for interconnect diffusion barriers," by S. M. Rossnagel, et al., Journal 
of Vacuum Science and Technology B 18(4) July/August 2000 pp. 2016-2020. 
20 Plasma enhanced ALD, however, still has several disadvantages. First, it remains a thermal 

process similar to traditional ALD since the substrate temperature provides the required activation energy, 
and therefore the primary control, for the deposition reaction. Second, although processing at lower 
temperatures is feasible, higher temperatures must still be used to generate reasonable growth rates for 
acceptable throughput. Such temperatures are still too high for some films of interest in 1C manufacturing 

25 particular* polymer 

tnetal precursors, particularly for tantalum (Ta), often still contain chlorine as well as oxygen impuntres, 
which results in low density or porous films with poor barrier behavior and chemical instability. Fourth, 
the plasma enhanced ALD process, like the conventional sequential ALD process described above, rs 
fundamentally slow since it includes at least two reactant gases and at least two purge or evacuatum steps, 
which can take up to several minutes with conventional valve and chamber technology. 

Conventional ALD reactors, including plasma enhanced ALD reactors, include a vert,cally- 
translatable pedestal to achieve a small process volume, which is important for ALD. A small volume rs 
m ore easily and quickly evacuated (e.g., of excess reactants) than a large volume, enabling fast swrtchmg of 
process gases. Also, less precursor is needed for complete chemisorption during deposition. For example, 
the reactors of U.S. Patent No. 6,174,377 and European Patent No. 1 ,052,309 A2 feature a reduced process 
volume located above a larger substrate transfer volume. In practice, a typical transfer sequence rncludes 
transporting a substrate into the transfer volume and placing it on top of a moveable pedestal. The pedestal 
is then elevated vertically to form the bottom of the process volume and thereby move the substrate mto the 
process volume. Thus, the moveable pedestal has at least a vertical translation^ and possibly a second 
40 rotational degree of freedom (for high temperature process uniformity). 

Typical ALD reactors have significant disadvantages. First, conventional ALD reactors suffer 
from complex pedestal requirements, since the numerous facilities (e.g., heater power lines, temperature 
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contained in a separaie vc^ c U bstrate. In the case of 

m* hytoge. (H), ,econ*in«,o„ ,es»te in d,„om,c H, . b. to rfM™ 

electrostatic chuck (ESC) for improved coupling of RF power to tne s 

===== 

layers, adhesion layers, seed layers, low aieiec ,^ no l oe ies The deposition 
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fo. proved ^ * «— — «" <— *" ,hroUB, ' raUl,iP ' e " 

s™d,„ q*. volume is ach.ov.bm wi* 0* **_ HtfMt Md coupon. 
,„ accotdance with on. — »f invention, a dep.si.ion system include* . ptoces. 

Va„o»s fcatu.es of th. ESC .»d various bias cimuits am described RF powc, ,s eoupled . erodes . 
» p,ocess eha.be, . generate ions ,„d maeHve ..oms. In one cmbcahmen,, ,he XT powc, cotes . 
phi. Various RF genes.iing « « *-*-■ **— ° f *< AL ° '» 0 « SS " ,E ^ 

,0 In aceordanoe with one embodiment of the bvenuon, . deposition system includes a backs*), p. 

ft. incenses thetmal coupling between me subs«a.e and me ESC. The ESC is cooied via a coolant 
flowing through a coolant plate and is heated via a teats.*, how. 

,„ accdaoc. with op. embodiment of the invent,.., a p.oceas chamhc, conummg a subs*,,, has 
« ooc p-occaa gas innoduced fo, c.acdng with a surface of dm substrata .o fonn a lay., CO .h. 
15 subs»o n.p.«— . — ^*"*— ■ A— iodm.,,h. 8 .s».xpe..d .end 

d» re ac„on,.ndm.ga Sp ,css«mi S ,«ht«d. Tb. detection of mo change in pmasumm a.td ch.mbo, 
au,om.,ic.,ly ononis v,lvc S » supp.y . seond gas mm the chombc, ,c huthc, mac. w,th dtc surface of 
the substrate. 

In accordance with one embodiment of the invention, a deposition technique . an ALD process 
20 based upon the sequential supply of at least two separate reactants into a process chamber. A first reactant 
reac ts (becomes adsorbed) with the surface of the substrate via chemisorptio, The first reactant gas « 
rem oved from the chamber, and a second reactan, gas reacts with the adsorbed reactant to form a 
m ono.ayer of the desired film. The process is repeated to formalayer of any thickness. To reduce the 

~ reactant. Thus, there can be very little or no delay between introducing the ft* and secondgases. Inone 
ernbodiment,aplasmaofthe second gas is created using an RP source, wh.ch forms energ*ed ,ons and 
.active atoms to drive the reaction at low temperature, The process is self-limiting. By countmg the 
cycles, the layer thickness is accurately controlled. 

30 In accordance with one embodiment of the invention, electrodes in the electrostattc chuck 

assembly are biased so as to createaDC bias on the substrate to attract charged gas ions in the chamber to 
the substrate. Improved chemisorption results. 

In accordance with one embodiment of the invention, multiple valves are arranged and controlled 

to selectively introduce process gases into the chamber. 
35 In accordance with one embodiment of the invention, a deposition system includes a process 

chamberandoneormoregasinlet, Ovm™^-*^""^*^** 
substrate retained in the process chamber. Added control over a deposition process is obtamed by such 
ring, in one embodiment, the ring is moveable. Various arrangements of gas inlets and valves are 

40 deSCrib 1n accordance with one embodiment of the invention, instead of varying the gas flux on a substrate 

is controlled by controlling the conductance between the process chamber and a lower pressure volume 
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• outside the process chamber. The flux of the gas on the substrate varies inversely with the chamber 
conductance, such that the flux of the gas on the substrate increases when the conductance decreases 
Various methods of performing an ALD process by controlling the conductance are disclosed as well as 
various structures for controlling the conductance. 

These and other aspects and features of the disclosed embodiments will be better understood » 
view of the following detailed description of the exemplary embodiments and the drawings thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a schematic diagram of a novel ALD reactor. 

Fig 2 shows various embodiments of the shield and shadow ring overlap region of F* I. 
10 Fig. 3 is a schematic diagram showing top introduction of gas into the process chamber of the 

ALD reactor -of F* 1. ^ ^ ^ ^ ^ ^ ^ ^ ^ 

of E as into the process chamber of the ALD reactor of Fig. 1. 

15 introduction of gas into the process chamber of the ALD reactor of Fig. 1. 

Fig 6 is a schematic diagram ofa control system for the pedestal of Fig. 1. 

Fig. 7 is a schematic diagram of a circuit for electrical biasing of the electrostatic chuck of F,g. I. 

Fig. 8 is a front-side perspective view ofa novel ALD reactor. 

Fig 9 is a back-side perspective view of the ALD reactor of Fig. 8. 
20 Fig. 10 is a back-side perspective view, from below, of the ALD reactor of Fig. 8. 

Fig. 1 1 is a front-side cutaway perspective view of the ALD reactor of Fig. 8. 

Fig 12 is a front-side cutaway perspective view of the ALD reactor of Fig. 8. 

Fig 13 is a cross-sectional view ofa chamber portion of the ALD reactor along line 13-13 of F* 



25 



Fig. 14 is a detailed cross-sectional view of the right side of the chamber portion of Fig. 13 

showing a load shield position. 

Fig. iSisadetailedcross-secrionalviewofmerightsideofthechamberportonofRg. 13 



showing a low conductance process shield position. 

Fig. 16 is a detailed cross-sectional view of the right side of the chamber porhon of F* 13 
30 showing a high conductance process shield position. 

Fig. 17 is a detailed cross-sectional view of the right side of the chamber porton of 
showing a purge shield position. 

Fig 18 is a schematic diagram ofa valve system for gas delivery in the ALD reactor of F* 8. 
Fig 19 is a schematic diagram ofa valve system for gas delivery in the ALD reactor of F* 8. 
35 Fig 20 is a schematic diagram ofa valve system for gas delivery in the ALD reactor of F,g. - 

Fig 21 isaschematicdiagramofavalvesystemforgasdeliveryinthe ALDreactorof F,g. 8. 
Fig 22 is a schematic diagram ofa valve system for gas delivery in the ALD reactor of F* 8. 
Fig 23 is a perspective cross-section of two embodiments ofa showerhead for gas distnbudon. 
Fig. 24 is a perspective cross-section of an embodiment ofa shield assembly for the ALD reactor 
40 of Fig. 8. 
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Fig. 25 is a perspective cross-section of an embodiment of a shield assembly for the ALD reactor 
of Fig. 8. 

Fig. 26 is a perspective cross-section of an embodiment of a shield assembly for the ALD reactor 
of Fig. 8. 

5 Fig. 27 is a cutaway perspective view of an embodiment of an electrostatic chuck assembly for the 

ALD reactor of Fig. 8. 

Fig. 28 is a schematic diagram of a control system for the electrostatic chuck assembly of Fig. 27 

of the ALD reactor of Fig. 8 . 

Fig. 29 is a schematic diagram of a control system including an alternative energy source for the 

10 electrostatic chuck assembly of Fig. 27 of the ALD reactor of Fig. 8. 

Fig. 30 is a perspective view of an embodiment of a portion of an electrostatic chuck assembly for 

the ALD reactor of Fig. 8. 

Fig. 31 is a schematic diagram of a circuit for electrical biasing of the electrostatic chuck of the 

ALD reactor of Fig. 8. 

15 Fig. 32 is a schematic diagram of a circuit for electrical biasing of the electrostatic chuck of the 

ALD reactor of Fig. 8. 

Fig. 33 is a schematic diagram of a circuit for electrical biasing of the electrostatic chuck of the 

ALD reactor of Fig. 8. 

Fig. 34 is a schematic illustration of a conventional ALD process. 
20 pig. 35 is a schematic illustration of a novel ALD process. 

Fig. 36 shows timing diagrams for (a) a typical prior art ALD process and <b) a novel ALD 

process. 

Fig. 37 shows timing diagrams for an alternative embodiment of a novel ALD process. 
Fig. 38 shows timing diagrams for an alternative embodiment of a novel ALD process. 
Fig. 39 is a schematic illustration of a novel chemisorption technique for ALD processes. 
Fig. 40 is a schematic diagram of a circuit for electrical biasing of the electrostatic chuck of the 
ALD reactor of Fig. 8 for unproved chemisorption. 

In the drawings, like or similar features are typically labeled with the same reference numbers. 

DETAILED DESCRIPTION OF EMBODIMENTS 

30 Basic ALD Reactor Design 

Fig. 1 is a schematic diagram of a novel ALD reactor 2. Reactor 2 includes a stationary pedestal 4, 
which may include an electrostatic chuck (ESC) 6 on top of which a substrate 8 rests. Substrate 8 is usually 
a semiconductor wafer (e.g., silicon), but may be a metallized glass substrate or other substrate. A chamber 
lid 1 0 and ESC 6 define the top and bottom boundaries, respectively, of a process chamber 1 2. The 

35 surrounding wall of chamber 12 is defined by a moveable shield 14, which is attached to a plurality of 

shield support legs 16. The volume of process chamber 12 is smaller than prior art batch reactors, but may 
be similar in size to prior art single wafer systems. The configuration of reactor 2, however, provides an 
overall volume of reactor 2 that can be smaller than that of prior art reactors, while providing the small 

volume of process chamber 12. 
40 The small volume of process chamber 12 achieves the advantages of small process volumes 

discussed above, including quick evacuation, fast switching of process gases, and less precursor required 
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■ for complete chemisorption. The volume of process chamber 12 cannot b 

„ coup.ed » »*-t *— » 5 „ f ^ 14 „„„ 

region26ofFig.l. a chorter oa th with a large cross-sectional area has a higher 

Physicaldimensionsofthepath. For example^ 

conductance. Fortheemho^ntsshov.^ 
ring28 result inah lg he S ,conductancepa*3 
25 conductance path 34, and a lowest conductance path 36. Prac mo 
omeren^ntsofshi^^^ 

Various shield positions are employed throughout a novel ALD process. Ra g 

, ™„ ? allows for introduction or removal of substrate 8. Dropping 

highest position (along with shadow nng 28) allows for ^ ^ 

- i ♦ ^hnn allows rapid evacuation of chamber 1 1 via uppci F 

and shadow nng 28, thereby provi g processing, which is not 





gases. 



40 



sid e tooduedo^ « . of bo* »P »a Sid. inaoducons. 
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poW with . opdonat added device (no, shown), .* - *« , dded ^ a. to, .« 

— ;-r — rrrrnr^c- 

0f6a s,n..p ro eee S eh ln *e,120fALD re .c,.r20fF, g ... «" Gasis tatrodu =edin. 

— — ■——»*- 

processes, including P««« »»" „ 
senate ptrths as dashed for op— » and .aye, 

Reactor 2 of Fig. 1 can be used map deposition can be 

, ion-mduend. — * p JL ,„cs. ped^ 4 «, - 

conventional ALD svatoms. G.ven the sofr.ee V P (RF) ^ 

efceostatic chuck (ESC) 6 for improved remp.ra.u-e control and rmp 

coupling. , . . K - fniind in the following related 

5 ^ U.S. App.«ou « «^ ^ . fc present assign* »»d 
,„d»ced Atomic Lnyer Deposttron (MM-AtD . ^ ^ 

incon.on.htd herein by refaunoe. U S. Ap he. « . ^ March „. 

For Depositing A Fi.m By Modulated lon-lnducd AM Uy« ^ ^ N<> 

Dep.si.ion (Mll-ALD)," M March ,9, 200!. asstgnad . .he pr.se.. ass g 

reftre " Ce , ,™r m | ! v S t.m«forpriesta14ofF>g.l. Substrate 8 rests on 

FiE . 6is .soh=m,hodiagramofaco„bo,sy^ P ^^0* 

35 * ™^^Z^'J olwK «. rVbaclcside gashes the 
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■ hear., power supp,y 68 «M tfi . W — - ™ » ' — " f* 4 " * 6 ' 

supply 76 as i. flows in a plumb* of coolant ehannels 78 in pedestal 4. 

ESC 6 includes a, leas, . M eleco.de » - • — * — * 82 ""^ " ' 
5 manorial ^Tfc.-^^-'^^*^^ - * 1- , 

provide the "chucking" action that holds substrate 8 (Fig. 1) to ESC 6 prior to plasma ignition and during 
deposiuoru TTte biasing scheme of Fig. 7 allows establish™, of the elecrrostntie — Ce, 
" C uoking") a, low biases tha, would be insufficient ro genera,, enough .Lcfrostario atttacon wr* . 
,„ LJL—*.**. ■nFig.7,o K ,.nmn a ,o fa DCpowersupp, y 86, S c„upledv,a fi r S , 
lc 1 .r8 8 ,of.rs,e,ecbode 8 0.Fbeo,ber K nm»a,ofDCpowe,supp,, 8 6i S »opledu„a S e..od 

inducor 90 ro second decode 82. Indoc.ora 88 nod 90 serve as RF Urn. 

RF power (e.g., at 13.56 MHz) is also supplied simulraneonaly ro both f« eleco-ode 80 mt 

15 Id capacitor ,8 are respocbvelv coupl.d borweeo RF geoemmr 92 and fim, .,«od. 80 aod seoood 
0,^82. C,p»c,.o,s96and98s e rvoa ! DC a r=mr.b,oc k tbeDCvol,a 8 e ft ompowe,s U pp, y8 6. 

Circuit 84 allows improvod coupling of RF power ,o substrar. 8 during processing due ,. the .lose 
proximity (e g, 0.6 mm-2 mm spacing) of substrate 8 . ft. .loctrod. 80 and second Mi 82 
embedded in ESC 6. 

20 Sin., subsuar. 8 is in sueh close proximity to Hrs. ** seoond electrodes 80 aod 82, th. 

conventional reactors where RF power is applied ro electrodes at a greater distance from ^ *^ 
te ,easpow„ is needed toacnieve sufficient RF power coupling to sobsfrate 8 ,n novel AU> ,ea«t 

^ft-fc — ^»•«•»*•---■»- ,, - t • ,,,4 •' ,-,,,h, "*^ 
25 subsfr... 8 « v<*y low powers (e.g., < 600 W, and rypieally < 150 W). 

ALD Reactor Detail r 
Fig 8 Fig. 9, Fig. 10, Fig 1 1 , and Fig 12 show external views ami internal cutaway views of a 
novel ALD reactor 100. Fig. 8 is a fronr-sid. perspocdve view of reacro, .00. Fig. 9 is . bach-aid. 
plpacfrve view of react* ,00. Fig. .0 is a bach-side pempeofr.e view, frombelow of rector ,00. F,g. 
30 U isafront-sidecutawayperspeenve viewofreactor ,00. Fig. .2 isanorher fronr-sid. cutaway 

perspective view of reactor 100, 

Ref.rn»g to Fig. 8, a s.bsfra.e 8 (Fig. 12) is referred inro or on, of a pmcess chamber 2 (F, . 
„ andFig. 12)of,.»«o, 100 duoogb asubsfrar. enfry alo, ,02 in a „i, valve ,04. Subsfr,,, 

35 ^iryof^.o, ^^-"^t^ 

in an ..ecfr.sta.ic obuch (ESC) 6 ,o hold snbsfrat. 8 above the top surface of ESC 6. In the proofs 

8 and ESC 6 (Fig. 11 and Fig. 12). ,->:„..- 
Referring ,oF,g. 1. andFig. .2, pins .08 exlem, downward from process chamber 1 2 m*. 
40 interior of reactor .00 through o .l..frosra.i. ehock assembly ,06 (Eluding ESC 6, a coohng pU» > ,0, 
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off-axis lift pin actuator 116 (e.g., a pneuma ^ 
coupled to lift pin spider 1 14 by a sphencal jomt 120 as seen » g 

Hfting forces to lift pin spider 1 14 but no moment, ^ ^ ^ 

positio, Shield 14is raised or lowered ^ ^7 ^ 10 , Eachonc of a plurality 

124 attached to a shield lift spider 126 by a collet ciamp 

between 

. ,/:/t;;o i n extends through a shield support leg seal iju anu k 
of shield support legs 16 (F.g. 1 D extends ttt g ^ rf 

M chambernresulunginnonetmomentsonsh.eldhf ^^^^ Liflpinspider .14, 
„orou*ut^^ 

however, is unaffected by movement of rod I24,andtlusa 

—l^l *• 136 * ° tproCeSS ' „ I mmo ,„ e sl o, ,36 of heigh.. kH» h < 

- , wl 3 ! -.a«^»-7^";; 1Jtalibeta) . F „ 

35 , "" me ~t,; P :^„,,3 8 . H— 

md «*. pu^ng c tem =. » is «,«i,orcd by . pun, — 

^by,f.s.cb» S »,e W .«^.P- - ^ mtOTpmMeofcte ^ 
moun«a „»«pp«rp«ipho»l ««• of chamber ltd 10 (F» 



pct/usoz/u^ 5 ' 

is t^ugh . sMd g» * condoctor 150 shielde0 ^ .» RF 

insulator tube 152. A p. medtnm (com™ V ( ^ ^ , ^ J— „ 

V a,v, ,« ,o ESC 6 ,o tmprove Ore t-ri coup S rf ^ „ 

^W^-lftfc-i-W*- Alteiuarivcly the tcmpcnrwe of chamber, id 

controlled by an elecmc of ^^^^^^ ^ ^ monitored, in part, by fast chamber pressure sensor 142, 
20 Thepre SS »rei»p.ocesschambe,12. S n»n fc 

25 142 - ^ flm her 12 through a showerhead gas feed inlet 168, which 

Gases eanbe introduced into process chamber 12 through ^ 

u«o^ 1 7? attached to a bwer surface oi chamoer uu v 
lea< lstoaplenuml70 i ibovoash»«orheadn2an»ched.o ^ 

m includes a showed lip .74 and a ,M - *~*- gas onftces ,76, 

distribute gas i»» P>~<® 12 which ^ i„ « ESC 6, 

30 subsuure 8 rests on an upper surface of an ESC »s*mbly . ^ 

c^piureno.^^''"^^^^^^^^^ 

md showerhed ,72 may bo 0.2 inches ro . in* portion., 

— — « — -^»»--^ 
are upper surface on whreb subrtrare 8 rests.* be plurality of Camp ring lasteneas ,80, 

--irr-jrrrr:^ 

proceus ki, 182, ttee Fig. 16, disctmed below. n „ id fl„,™ g in»p>um>..y.. coolant 

channels 78 as shown in Fig. 13. An upper surface ^ ^ Thermal breaks ,84 increase the 
thermal breaks ,84, or gaps, berween ESC 6 and eoohng P*« > ™«™ 
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■ Knpera »«d».«» C «b«™«nESC6»« i coollngp btt .10. Ws.Uo.sthe ^pm^of BSC6»n« 

view of thermal breaks 184, see Fig. 27, discussed below. 

As shown in Fig. 1 3, a lower surface of cooling plat. 1 10 is anached lo an upper surface of 
5 hsseplate 1 12. The upper surface of basepl... 1121. the lower walls of coolan, channels 78 to coohng 

use of an Cring .86 berween baseplnre 1 .2 and chamber body .8. Laterally spaced nrnnO-nng 186 
bewoeubasepUreinandchsmberbodylSisanRFgasketlSS. 

Oneoftheplrrmlnyoflinptos 108 is shown to, enacted process posinon, warhuKUp of ..ft pm 

' lowpressumtodteimefiorofreaororlOO. A lift pto bushing 192 reduces friction during vertrcal 
rmnslation of lift pto .08 through aligned orifices inbaseplarc 1,2, cooling pl.re 110, artoESCd. 

,„ Fig 13 shield 14 is shown in an inrermediare process position. Process chamber .2 ts thus 
bounded on the top by sbowerhead 172, on the bottom largely by ESC 6, and on the sides by shield |^ 

,5 confine a plasma 194. Shield ,4 toctodes shield gas channel 40 and is anacned ,. each shre. snpponleg 

maimains ,he low pressure to * interior of reacror .00. A plurality of shield support eg bustongs 1,8 
^uce fircrion during vertical h.ns.ation of ^^^^ZZT 

A shadow ring hook 200 is anached to n lower ponton 6f shield cap .96. Shadow nng hook 2«1 „ 

andrestsonaprocesskitbevel^ofpcneesski, 182. Shadow ring 28 protects - under,„„s of 
ESC assembly 106 dufing deposibon o.ro subsmare 8. Shadow ring 2g also defines ,2,. crmun^mnnn, 
region nea, ,be edge of snbsnate 8 where d^ifion is masked. Shadow fing 28 also plays . «* ■ 
defining me chamber condumnce. For n more deuiled view of process ki, bevel 202, see Frg. .6, 

25 discussed below. _ A 

InFigl3,rwolealtngep..ten»d.l a «gasnowbe t we.nmocessclBmberl2,ndnm»br 

pumping channel 20, which is largely bounded by chamber body .8, chamber lid .0, end ESC assembly 
, M The .eaknge occurs due to differing pressures between process chamber .2 end annular pumpmg 
channel 20. A shield conductance uppo, pad, 22 is bounded on one side by an inner upper surface . stock. 

shadow fing hook 200, and on dre other side b, surfaces of shadow fing 2g. Upper pedr 22 feeds from 
process chamber 12 m an upper portion 204 of annular pumptog channel 20, while lowerpnm 24 leads 
from process chamber 12 to • lower portion 206 of annular pumping channel 20. 

Shield 14 can be vefiically translared by either raising il into upper pomon 204 of annular 
pumptog ch.nn.1 20 or lowering i. into lower portion 206 of annular pumping channel 20. As stoeld 14 ts 
nanaln,ed,meeondnc»nces.fupp«rpn„22n»d,ow.,pam24a,echnnged. The vnfianons m 
condnc^canbecrmfioued m^fcpmasm. toprc^chnn^ .2 to.c.n.ollud needed 
for various steps in an atomic layer deposition process sequence. 
40 Shit*. Op-ion^^ ^ ^ M , ^ , sa6<> ^ ^ 4 (see Fig. 1). Fo, 
esample, reach. .00 of Fig. .2 include* ESC assembly ,06. Tnmsf.r of suhsnare 8 torn process chamber 
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Fie 17 show detailed cross-sectional views of the right side of chamber portion 156 of Ftg^l3, showtng^ 
5 I, ,! n . sohs»e load ahidd position 20S <T, *>. a low condncrance 

' 7) - 1 „lo 1 d S hic,dpos„i.n2« 8 ofF. g . ,4, shield support 

1 H,4 a „ds ta dowring28»re*.nr,i S .d.o e efl>.r. Sl»eld .4 en,ers upper pomon 204 of 

. , a • ,e- h . a tnr116fFiE 10) to contact substrate 8 and lift « off the top sunacc 
„iscd h» ..ft P.n aero - ■ WM> ,„„ „ fc „ 

u r A nT moveable In some embodiments, it is possible that the load 

of shield 14. lowered by linear motor 

Once substrate 8 has been loaded into process chamber 12, shield 14 ,s lo 

• The low conductance process shield position 210 shown in Fig. 15, shows the 
" ^ JlTw IITHt *e J m e n t ^ sWow 2 B comets process ^ 18 2. An 

angled shadow nng seat 216 of shadow ring Air eaDS sepa rate shadow ring 28 and 

process kit 1 82 away from each edge of process krt bevel 202 The augap 

mrf ";L,4in,„ P r^p«sirio„c,c attSStt c,d — 
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this embodiment) of fixed conductance regions 220 (fixed gaps between shadow ring hook 200 and shadow 
ring 28) interspersed with a plurality (two in this embodiment) of variable conductance regions 222 
(variable gaps). The volumes of fixed conductance regions 220 and variable conductance regions 222 can 
be precisely controlled (by precise positioning of shield 14 by linear motor 122) to adjust the conductance 
5 of lower path 24, and therefore the pressure of chamber 12, as needed during the process. 

In purge shield position 214 of Fig. 17, shield support legs 16 are lowered by linear motor 122 
(Fig. 8). Shield 14 and shadow ring hook 200 are lowered into lower portion 206 of annular pumping 
channel 20. Shadow ring 28 remains seated on process kit 182. Both shield conductance upper path 22 and 
shield conductance lower path 24 become high conductance paths. Purge shield position 214 allows quick 
10 evacuation of the gases in process chamber 12 into annular pumping channel 20 due to the high 

conductances created and the lower pressure of annular pumping channel 20 compared to chamber 1 2. 

As mentioned above, linear motor 122 (Fig. 8) provides actuation of shield 14. This allows quick 
and accurate variation of the conductance of shield conductance upper and lower paths 22 and 24. This 
translates into quick and accurate variation of the pressure in process chamber 12 for given gas flows into 

1 5 process chamber 12. 

In some embodiments, a throttle valve (i.e., a butterfly valve, a variable position gate valve, a 
pendulum valve, etc.) positioned at pump throat 134 (Fig. 13) can also be used in conjunction with 
moveable shield 14 to effect quick pressure changes in process chamber 1 2 by modulating the maximum 
pumping speed of pump 132 (Fig. 12). The throttle valve augments the pressure range achievable in 

20 process chamber 12, providing a "coarse adjustment" of the pressure in process chamber 12, while shield 
14 provides a "fine adjustment" of the pressure. 

Showerhead and Shield Design for Gas Introduction and Temperature Control 

The novel hardware for ALD reactor 100 (Fig. 1 1) supports the introduction of gases into process 

chamber 12 through multiple points. The primary introduction point is through the top of reactor 100, in 
25 particular, through showerhead three-way valve 148 (mounted on chamber lid 10) and showerhead 172 

(best seen in Fig. 13). Gases may also be introduced into chamber 12 through shield 14, which may be 

additionally configured for temperature control. 

Fig. 18 is a schematic diagram of a novel valve system 224 for gas delivery in ALD reactor 100 of 

Fig. 8. This embodiment delivers a single precursor and a purge gas to process chamber 12, either 
30 separately or in a mixed proportion. The purge gas is used to purge the chamber and as the gas source to 

strike a plasma. A carrier gas for the precursor flows from a first gas source 226, and the purge gas flows 

from a second gas source 228. 

When either the carrier gas or the purge gas is not flowing to chamber 12, it is diverted by a first 
three-way valve 230 and a purge three-way valve 232, respectively, through a pump bypass gas line 234 to 
35 a vacuum pump 236. Utilization of vacuum pump 236 allows the carrier and purge gases to flow in steady 
state conditions even when they are not flowing to chamber 12. This avoids disturbances in the gas flows 
caused by the long settling times of gas sources that are switched on and off. 

A showerhead three-way valve 148 controls access to a chamber gas line 238, which leads to 
process chamber 12. Three-way valve 148, located centrally on chamber lid 10 as seen in Fig. 1 1, provides 
40 at least two distinct advantages. First, gases introduced to chamber 12 can be switched rapidly with 
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animal loss or delay. Second, gases are isolated from each other outside of chamber 12, resulting m no 
cross-contamination of reactants. 

A first on/off valve 240 is coupled between first ends of a second on/off valve 242 and a third 
on/off valve 244. The opposite ends of second and third on/off valves 242 and 244 are each coupled to a 
5 firs, precursor source 246. First on/off valve 240 is also coupled between first three-way valve 230 and 
showerhead three-way valve 148 via a gas line 248 and a gas line 250, respectively. Precursor source 246 
can be isolated by closing on/off valves 242 and 244. This may be done, for example, to change precursor 
source 246 In this case, on/off valve 240 may be closed, or opened to allow carrier gas to flow through 
three-way valves 230 and 148 into chamber 12. During deposition, first on/off valve 240 is normally 
10 closed, and second and third on/off valves 242 and 244 are normally open. 

Three-way valves 230, 232, and 148 are switched synchronously to deliver either precursor or 
purge gas to chamber 12. When delivering precursor, purge three-way valve 232 is switched to flow the 
purge gas to vacuum pump 236, and showerhead three-way valve 148 is switched to the precursor side. 
Simultaneously, three-way valve 230 is switched to allow carrier gas to flow from first gas source 226 
15 through gas line 248 and on/off valve 242 into precursor source 246. The carrier gas picks up precursor in 
pr ecursorsource246,typicallybybubblingthroughaliquidsource. The carrier gas, now including 
precursor, flows through on/off valve 244, through gas line 250, through showerhead three-way valve 148, 
through chamber gas line 238, and into chamber 12. 

When delivering purge gas, first three-way valve 230 is switched to flow the carrier gas to vacuum 
pump 236. Purge three-way valve 232 and showerhead three-way valve 148 are switched to allow purge 
gas to flow from second gas source 228 through a gas line 252 and chamber gas line 238 into chamber 12. 

Valve system224 keeps gas line 248 charged with carrier gas, gas line 250 charged with carrier 
plus precursor, and gas line 252 charged with purge gas. This allows fast switching between gas sources by 
significantly reducing the gas delivery time tochamber 12. Valve system 224 also minimizes waste of 
gases since gas lines do not need to be flushed between deposition steps. Furthermore, any gas bursts from 
Lent pressure spikesupon gas switching, due to me charged gas lines, would only help me initial stages 
of chemisorption or surface reaction. 

Practitioners will appreciate that alternative embodiments of valve systems for gas delivery to 
reactor 100 are possible. In the embodiment shown in Fig. 1 8, two separate gas sources are shown 
providing the carrier gas and the purge gas, which may be different gases. It is possible, however, that in 
some embodiments the same gas used as the purge gas may be used as the carrier gas for the precursor, hi 
this case, separate gas sources maybe used as shown inFig. 18, or first gas source 226 may be used singly 
in a valve system 254, which has many similar components to valve system 224 of Fig. 18, as shown 
schematicallyinFig. 19. Valve system 254 can be simplified by replacing three-way valve 230 withaT- 
junction 256 as shown schematically in Fig. 20 for a valve system 258, which has many similar components 
to valve system 224 of Fig. 18. As in valve system 224 of Fig. 18, showerhead three-way valves 14 m 
valve system 254 (Fig. 19) and valve system 258 (Fig. 20) control the flow of purge gas or camer- P lus- 
precursor gas to chamber 12. As shown in valve system 254 (Fig. 19) and valve system 258 (F,g. 20), 
Dump 236 may not be used in some embodiments. 

In some embodiments, gas delivery of multiple precursors maybe desirable. Two embodiments of 
multiple precursor delivery are shown in the schematic diagrams of a valve system 260 in Fig. 21 and a 
valve system 262 in Fig. 22. Valve systems 260 (Fig. 21) and 262 (Fig. 22) each have many similar 
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components to valve system 224 of Fig. 18. Valve systems 260 (Fig. 21) and 262 (Fig. 22) are shown 
configured for two precursor sources, but may be further adapted for additional precursor sources. In eaeh 
of valve systems 260 (Fig. 21) and 262 (Fig. 22), a second three-way valve 264 controls the flow of carrier 
gas to a second precursor source 266. A fourth on/off valve 268, a fifth on/off valve 270, and a sixth on/off 
5 valve 272 are coupled similarly to, and operate similarly to, valves 240, 242, and 244, respectively, to 

control the flow of carrier gas through second precursor source 266. A gas line 274, similar to gas line 248, 
is coupled between three-way valve 264 and on/off valve 270. 

In Fig. 21, valve system 260 further includes a third gas source 276 in addition to first and second 
gas sources 226 and 228 of valve system 224 of Fig. 18. A third three-way valve 278, coupled to on/off 
10 valve 272 via a gas line 280, controls delivery of the second precursor to showerhead three-way valve 148 
via a gas line 282. A fourth three-way valve 284 controls delivery of the purge gas via gas line 252 and a 
gas line 286 to three-way valve 278, which directs the purge gas to showerhead three-way valve 148 as 

needed via gas line 282. 

In Fig. 22, valve system 262 is shown configured to use gas source 226 for both the purge and 
15 carrier gases. The carrier gas is delivered from gas source 226 to three-way valve 264 via a gas line 288. 
The purge gas is delivered to the second terminal of a third three-way valve 278 (and similar valves of any 
additional precursor sources) via gas line 252. The third terminal of three-way valve 278 is coupled to the 
second terminal of showerhead three-way valve 148 via gas line 282. Three-way valve 278 thus controls 
delivery of the second precursor and the purge gas to showerhead three-way valve 148. 
20 Other modifications maybe made for alternative embodiments of the valve systems of Figs. 18, 

19 20 21 and 22. The functions of showerhead three-way valve 148 may be accomplished instead with an 
equivalent network of on/off valves (similar to valves 240, 242, and 244) and fittings. Metering valves may 
be added to branches to regulate the flow for specific branches. Pressure sensors may be added to branches 
and coupled with the valve actuation to introduce known amounts of reactant. Valve timing may be 
25 manipulated to deliver "charged" volumes of gas to process chamber 12. The traditional valves may be 
replaced with advanced designs such as micro-electromechanical (MEM) based valves or valve networks. 
The entire valve system can be heated to prevent condensation of reactants in the network. 

Fig. 23 is a perspective cross-section of two embodiments of a showerhead 172 for gas 
distribution. Showerhead 172 is designed to have a larger diameter, and thus a larger area, than substrate 8 
30 and ESC 6 (Fig. 13). Showerhead 172 includes a plurality of mounting holes 290 used to facilitate 

attachment of showerhead 172 to chamber lid 10 with a plurality of fasteners (see Fig. 13). Showerhead 
172 also includes a plurality of pressure sensor orifices 166, one for each pressure sensor used to sense the 
pressure in process chamber 12. For example, fast chamber pressure sensor 142 and precision chamber 
pressure sensor 144 (Fig. 8) would each require a pressure sensor orifice 166 in showerhead 172. 
35 Showerhead 172 also includes showerhead lip 174 peripherally around the edge of showerhead 172 used to 
prevent shadow ring 28 from hitting showerhead 172. 

Showerhead 172 also includes a cavity 292 centrally located in an upper surface of showerhead 
,72 as shown in Fig. 23 (a). Cavity 292 forms plenum 170 (Fig. 13) upon attachment of showerhead 172 to 
chamber lid 10. A plurality of showerhead gas orifices 176 are arranged within cavity 292 in a pattern 
40 designed for a particular gas flow distribution. The diameter of cavity 292 is designed to be larger than the 
diameter of substrate 8 (Fig. 13). In the embodiment of Fig. 23 (b), showerhead 172 includes a cavtfy 294 
mat is similar to cavity 292 of Fig. 23 (a), but cavity 294 has a diameter designed to be smaller than the 
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diameter of substrate 8. Practitioners will appreciate that a number of different diffusing devices may be 
used to tailor the directionality of the gas flows as needed. 

As mentioned above, gas may also be introduced into process chamber 12 through shield 14. This 
allows cylindrical gas introduction around the volume of process chamber 12 as discussed above with 
5 reference to Fig. 4. Fig. 24 is a perspective cross-section of an embodiment of a shield assembly 296, 
including a shield gas channel 40, for ALD reactor 100 of Fig. 8. A plurality of shield support legs 16 
attach to shield cap 196, which is attached to the base of shield 14. Most of shield support legs 16 are solid. 
Gas is introduced into shield 14, through at least one hollow shield support leg 298, which extends through 
shield cap 196 into shield gas channel 40 in shield 14. 
1 o Shield gas channel 40 is annular and runs completely around the base of shield 14. Shield gas 

channel 40 is a high conductance channel that allows introduced gas to distribute evenly around shield gas 
channel 40 of shield 14 before introduction into process chamber 12 (Fig. 13). Gas is introduced to 
chamber 12 through a plurality of gas flow orifices 300, which are evenly spaced along shield gas channel 
40 and extend through an inner wall of shield 14 into process chamber 12. The gas introduction path of 
15 shield assembly 296 is designed to ensure uniform gas flow around substrate 8 as discussed with reference 
to Fig. 4. 

Introduction of gas through shield 14 allows tremendous flexibility in designing ALD processes. 

in some embodiments, the same gas introduced through showerhead 172 can be simultaneously introduced 

through shield 14 to provide improved coverage in process chamber 12 and on substrate 8 (Fig. 13). 
20 Alternatively, in some embodiments, one gas can be introduced through showerhead 172 while a different 

gas is introduced through shield 14, allowing improved gas isolation and quicker cycling of the gases. 
Movement of shield 14, either before or during the gas flow, allows gas to be introduced at 

different planes within process chamber 12, parallel to the plane of substrate 8. The shield motion can be 

used to optimize the gas flow distribution of a particular ALD process. 
25 As discussed previously, another role of shield 14 is to confine plasma 194 during processing (Fig. 

13), which can result in heating of shield 14. To maintain the shield at an acceptable process temperature, a 

cooling/heating channel can be incorporated in the shield design. This also helps prevent deposition on 

shield 14. 

Fig. 25 is a perspective cross-section of an embodiment of a shield assembly 302, including a 
30 shield cooling/heating channel 304, for ALD reactor 100 of Fig. 8. Shield assembly 302 includes some 

shield support legs 16, which are solid, attached to shield cap 196 at the base of shield 14. Similar to shield 
assembly 296 of Fig. 24, which includes gas channel 40, a cooling or heating fluid flows up into shield 14 
through at least one hollow shield support leg 306, which extends through shield cap 196 into 
cooling/heating channel 304 in shield 14. Shield cooling/heating channel 304 is annular and runs about 
35 two-thirds of the way around the base of shield 14. The cooling or heating fluid flows down, out of shield 
14, through at least one other hollow shield support leg (not shown), which is similar to hollow shield 
support leg 306. 

Cooling or heating of shield 14 using a fluid flowing in cooling/heating channel 304 also allows 
improved control of the temperature of gases introduced into process chamber 12 through shield 14. Fig. 
40 26 is a perspective cross-section of an embodiment of a shield assembly 308, including both shield gas 
channel 40 and shield cooling/heating channel 304, for ALD reactor 100 of Fig. 8. In the embodiment 
shown in Fig. 26, gas channel 40 is located above cooling/heating channel 304. Hollow shield support leg 
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306 extends through shield cap 196 tnlo ctmhng/heatmg channel art* 

306 extern 6 cooling/bealitlg channel 304 into gas channeMOlo 

supoort leg 298 ewends through staeldcsp 196 ana cooraigi 6 

Jw gas introduction from S h iel d ,4 iuto process chambnr .2 via gas How onftces 300. 

Practitionet, will apprecat. that shield assembly 308 could iuclude altemartve arrangements of 

depending on the reouitements of the customer and the process. 

Electrostatic Chuck Assembly Design 

ALD processes in the disclosed en— are io„,.duced (see fur *» 
Serial No 09/812 352, Application Serial No. 09/812,486, and Application Semi No. 09/812,285, ^ 

" td i. ,3,. Trtis allows deposition at lower temperatures than in conventional ^^ ^^^ 

rltatn subshate 8. ESC assembly 106 may be further designed for improved temperature control and 
improved radio frequency (RF) power coupling. 

f o,ALD,eac,orl00ofFig.8. ESC assembly 106 includes in part, an electrostatic chuck (ESC) 6, a 

surface 50, sealing lip 46, and the backside of substrain 8. _ 
A backside gas is provided ,0 gas volume 4g through a backside gas entry 3.2 to . backs* g 

valve 154^ <3as valve 154 is located on the exlerior underside of reactor 100 at the outer edge of baseplate 
,„ op'ovid «.sy.cce S s( Fi g. 8 .ndFl, 11). n. backside gns flows alr»g a backs.de gas l»n 54, which 

50 ^dl inwardalongalower^eofhasep,.,!, ^"J™/^^^ 

3,0 and is amtched » me center of the bottom surface of ESC 6 using . baefctde gas Itne flan « 3 14. The 

m;t.L4 8 .Ab, C k S ideg,s,inesean.6 ta sm.fl»ng.3.4mn,nmins»epressu.«ofgas.o,ume4g. 
35 The backside gas plays an important role in me .emp.ra.um control of substrate 8. 

po,yim(de,. ESC 6 may be designed to have its bulk material effects dominated by the Johnson-Rahbek 
1) effect rathe, than a coulombic effect, since the JK effect ptovide, a stronger, more eff.cr.nt 
Zlenttraction. AJR ESC W ica„yha S ahu,kresis,ivi^twe«„ ,08 and 
40 conlombio ESC generally has a bulk resistivity greater than 1013 !2-em. 
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Embedded in the dielectric material of ESC 6, close to top surface 50, are at least two electrodes. 
A first electrode 80 and a second electrode 82 are shaped as concentric annular plates made of a conductive 
material, for example, tungsten or molybdenum. First electrode 80 is biased using a first electrode terminal 
318, which is coupled to first electrode 80 and extends down through ESC 6 into access port 310. Second 
5 electrode 82 is biased using a separate second electrode terminal (not shown). A DC "chucking" voltage is 
applied to both first electrode 80 and second electrode 82 to create an electrostatic attraction between 
substrate 8 and top surface 50 of ESC 6 to retain substrate 8 during processing. Simultaneously, RF bias 
power is coupled to each electrode 80 and 82 as well. The RF bias power provides the power for plasma 
and hence ion generation during modulated ion induced atomic layer deposition. 
10 In addition to generating a plasma, the RF bias power also induces a slight negative potential (e.g., 

a DC offset voltage typically -10 V to -80 V at < 150 W RF power and 0.1 - 1 Torr pressure) on substrate 
8. The magnitude of the potential should be <150 V. The induced voltage defines the ion energy of the 
positively charged ions in the plasma and attracts the positively charged ions toward the surface of substrate 
8. The positively charged ions impinge on the wafer, driving the deposition reaction and improving the 

1 5 density of the deposited film. 

A resisrive heater 72 is also embedded in ESC 6. Resistive heater 72 is shaped as at least one coil 
or ribbon that winds throughout ESC 6 in a plane located about midway between electrodes 80 and 82 and 
the bottom of ESC 6. Heater 72 is controlled via at least one resistive heater terminal 320 coupled to heater 
72. Terminal 320 extends down through ESC 6 into access port 310. Thus, ESC 6 is basically a dielectric 

20 substrate support with an embedded heater 72 and embedded electrodes 80 and 82 for DC biasing and RF 
power coupling. 

ESC 6 is held in contact with cooling plate 1 10 using an annular clamp ring 178, which overlaps a 
clamp land 322 of a surrounding flange at the base of ESC 6. An ESC O-ring 324 creates a vacuum seal 
between ESC 6 and cooling plate 1 10. A plurality of clamp ring fasteners 180, each extending through 
25 clamp ring 1 78 into cooling plate 1 1 0, secure the connection between ESC 6 and cooling plate 1 1 0. A 

process kit 182, having an annular elbow shape, fully surrounds clamp ring 178 covering a top surface and 
a side surface of clamp ring 178. Process kit 182 includes a process kit bevel 202 used for centering a 
shadow ring 28 (Fig. 15) on process kit 182. Process kit 182 may be made of a dielectric material (e.g., 
aluminum oxide, aluminum nitride, or hard-anodized aluminum) to electrically isolate clamp ring fasteners 
30 180 from ESC 6 and substrate 8. Process kit 182 also protects clamp ring 178 and fasteners 1 80 from 
process gases, facilitating cleaning of reactor 100 (Fig. 12). 

Cooling plate 1 10 can be made (e.g., machined) from a variety of thermally conductive materials, 
for example, aluminum or stainless steel. An upper surface of cooling plate 1 10 is patterned to create a 
plurality of small area contacts 326 and a plurality of thermal breaks 184. Contacts 326, which have the 
35 form of ridges, contact the bottom surface of ESC 6. Thermal breaks 184 are gaps between ESC 6 and 
cooling plate 110, which increase the temperature difference between ESC 6 and cooling plate 1 10. The 
temperature of cooling plate 1 10 can be controlled using a fluid (e.g., water) flowing in a plurality of 
coolant channels 78. Coolant channels 78 are designed to allow the fluid to flow in a largely circular 
manner at various diameters of cooling plate 1 10. 
40 A lower surface of cooling plate 1 10 is attached to an upper surface of baseplate 1 12. The upper 

surface of baseplate 112 forms the lower walls of coolant channels 78 in cooling plate 110. Baseplate 112, 
which may be made of aluminum, provides structural support for ESC assembly 106. Thermal breaks 184 
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of cooling plate 1 10 allow maintenance of a significant temperature difference between top surface 50 
(which may be near 300 °C) of ESC 6 and a bottom surface of baseplate 1 12 (which is exposed to an- and 

may be less than 50 °C). 

One of a plurality of lift pins 108, which facilitate loading and unloading of substrate 8, .s shown 
5 in retracted process position, with the tip of lift pin 108 below top surface 50 of ESC 6. Each lift pin 108 
extends through a lift pin orifice 328, which includes a plurality of aligned orifices in baseplate 112, 

cooling plate 1 10, and ESC 6. 

Alternative embodiments of ESC assembly 106 are possible. For example, in some embodiments, 
at least one peripheral ring of holes can be used to introduce the backside gas, rather than just a centrally 
10 located hole, as discussed in more detail below. In addition, in some embodiments, ESC 6 can be replaced 
with a conventional susceptor to facilitate ALD processes at higher temperatures. 

Fig. 27B illustrates interdigitated electrodes 79 and 83, and Fig. 27C illustrates D-shaped 
electrodes 85 and 87, that may be used instead of the concentric annular plate electrodes 80 and 82 in Fig. 
27A. Electrodes 85 and 87 may be solid or have an opening, such as shown by dashed lines. Practitroners 
15 will appreciate that various other embodiments of the electrodes are possible. 

In one embodiment, the showerhead 172 (Fig. 23) is not grounded but is coupled to another RF 
source in a manner similar to the RF source coupling to the ESC electrodes in Fig. 7. The phase difference 
between the RF power applied to showerhead 172 and the RF power coupled to electrodes 80 and 82 m the 
ESC controls ion density and energy, with a difference of 180° creating the maximum ion density and 
20 energy. In another embodiment, the two RF sources have different frequencies. 

Temperature Control of Electrostatic Chuck Assembly 

Temperature control of ESC assembly 106 (Fig. 27 A) is important for high quality atomic layer 
deposition. A uniform temperature across a substrate 8 resting on annular sealing lip 46 of ESC 6 promotes 
uniform chemisorption of precursors. If the temperature of substrate 8 is too high, decomposite or 
25 desorption of precursors may occur. If the temperature of substrate 8 is too low, either or both of the 
chemisorption and the deposition reactions will be impeded. 

Fig. 28 is a schematic diagram of a control system 330 for electrostatic chuck (ESC) assembly 106 
(Fig 27A) of ALD reactor 100 of Fig. 8. Control system 330 may also be applied to various embodiments 
of pedestal 4 of ALD reactor 2 of Fig. 1. Control system 330 is an embodiment of control system 44 of F.g. 

30 6, as discussed previously. 

Control system 330 is used to establish and maintain a uniform temperature across substrate 8. As 
shown in Fig. 28, substrate 8 rests on an annular sealing lip 46 defining a backside gas volume 48 between 
substrate 8 and top surface 50 of ESC 6. A backside gas (e.g., Ar, He, etc.) is usually chosen from among 
the species in chamber 12 to prevent contamination in the deposited film. The backside gas flows from a 

35 backside gas source 52 along a backside gas line 54, through a backside gas passageway 56 in ESC 6, and 
into gas volume 48. 

The backside gas improves the thermal contact between substrate 8 and ESC 6, by providing a 
medium for thermal energy transfer between substrate 8 and ESC 6. Heat transfer improves with increasmg 
backside gas pressure, up to a saturation limit. Ranges for backside gas pressures are 3-20 torr, and typed 
40 ranges are 6-10 torr for good thermal conductivity and temperature uniformity across the substrate. Us.ng 
the disclosed embodiments, a temperature uniformity across the substrate may be <5 «C Above a backs.de 
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gas pressure of 5 tor. a uniformity of <15 °C is typically achieved. A pressure controller 58 maintains the 
backside gas at a constant pressure, thus ensuring constant heat transfer and uniform substrate temperature. 
In practice, annular sealing lip 46 may take the form of several islands scattered across top surface 50 of 
ESC 6. This introduces a leak rate of the backside gas that must be taken into account. The amount of 
5 direct contact between the chuck and the substrate can be virtually any amount, such as between 15-50%. 

The temperature of substrate 8 is modulated by heating or cooling ESC 6. A temperature sensor 
60 (e.g., a thermocouple or optical infrared sensor) is coupled via a sensor connection 62 to a temperature 
monitor 64 in a closed loop feedback control circuit 332. A temperature setpoint signal is also provided to 
monitor 64 via a setpoint electrical connection 334. A temperature controller 66 creates a signal that is 
10 amplified through a power amplifier or modulator 336 and applied via an electrical connection 70 to a 
resistive heater terminal 320 (Fig. 27A), which is coupled to a resistive heater 72 embedded in ESC 6. A 
coolant temperature and flow controller 74, as is widely known, controls the fluid from a coolant supply 76 
as it flows in a plurality of coolant channels 78 in pedestal 4 (or in ESC assembly 106 in Fig. 12 and Fig. 
13). 

15 Control system 330 is designed to control the temperature of substrate 8, by heating and/or 

cooling, for a wide range of power and temperature. Temperature control can be accomplished by various 
techniques, including regulating the backside gas pressure, heating ESC 6 directly with resistive heater 72, 
or regulating the temperature and/or flow of fluid in coolant channels 78. The temperature of substrate 8 
can thus be periodically or continuously varied during the deposition process to meet different process 
20 demands. Additional information regarding temperature control in atomic layer deposition may be found in 
related U.S. Application Serial No. 09/854,092, entitled "Method And Apparatus For Improved 
Temperature Control In Atomic Layer Deposition," filed May 10, 2001 . 

Alternative embodiments of control system 330 of Fig. 28 are possible. For example, the 
temperature control system of circuit 332 may have various embodiments. In addition, temperature sensor 
25 60 may have various embodiments. Temperature sensor 60 may be a thermocouple that measures the 
temperature of ESC 6. Temperature sensor 60 may be a pyrometer device that optically measures the 
temperature of the backside of substrate 8. Or, temperature sensor 60 could take other equivalent forms. 

In some embodiments of control system 330 of Fig. 28, an alternative energy source may be 
included as another option to control the temperature of substrate 8. Fig. 29 is a schematic diagram of a 
30 control system 338, including an alternative energy source 340, for pedestal 4 of reactor 2 (Fig. 1) or for 

ESC assembly 106 (Fig. 27A) of ALD reactor 100 (Fig. 8). Control system 338 is similar to control system 
44 (Fig. 6) and control system 330 (Fig. 28), as discussed previously. Alternative energy source 340 is 
located outside of pedestal 4 (or ESC assembly 106) near the top of chamber 12 and may include radiation 
from lamps, a plasma, or another source. Alternative energy source 340 could be controlled, for example, 
35 by regulating the power to the lamps or plasma. Alternative energy source 340 could be used alone, or in 
conjunction with one or more of resistive heater 72, the fluid in coolant channels 78, or the pressure of the 

backside gas in gas volume 48. 

In some embodiments, an additional cooling source may be added to control system 330 of Fig. 28 
,o improve the cooling capacity and/or performance. The additional cooling source could be a refrigeration 
40 system, a heat pipe, a refrigerated liquid or gas coolant system, or other equivalent system. 

In some embodiments of control system 330 of Fig. 28, the backside gas may be introduced to gas 
volume 48 through multiple orifices rather than just a centrally located orifice. Fig. 30 is a perspective 
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subset. 8. Various embody of ESC 6 may Mud. «•» or bod, of orifice 344 .nd unties 346. 
Orifice, 346 maul, m peeved pressure uniform* becween »bsd,,e 8 end ESC 6, wh,ch mantis id 
; improved remporah,. -»»» .cross subsdate 8. A„ additional peripheral ring of orifices 34, « be 
added oms,de of orifices 346 ensure . oonsran. p,.ss». gr.di.nr a, rbe edge of aubsda,. 8. The 
additional nng of orifices could also serve as an edge purge ,0 preven, reacdve gas« from emenng gas 
volume 48 (Fig. 28) and causing deposition on rhe backside of snbstrale 8. 

,» m embodimems of contio. sys,em330 of Fig. 28, pressure conooller 58 ma, be placed by, 

,„ nation valve can bo added betivecn pressure co»«oll.r 58 and backside gas volume 48 » 
pressure ...duller 58 and gas soume 52 fiom proeuss chamber ,2 during a substiare mmsfer. Tms valve 
ma, additionally be used . amp rho flow of backside gas «, reduce i,s press.,., ...owing me autism,,, o 
■ Jchncr wimoo, "popping" (shifting, when electiodea 80 and «2 in ESC 6 are da-powcved. Th,s valve 
, 5 ma, additionally be used in conjrmction wid, a punrp ,o more duickl, roduce rhe backside gas pmsam. 

before "de-chucking" substrate 8. . 

Practitioners will appreciate that various other embodiments of control system 330 and « vanous 

constituents are possible. 

Elecoicai Biasing and Plasma G.ner.rion Using Electiosratic Chnok Assembly 
M F« 3. iS asch=ma,icdi.gmmofa=irc»it348fo,elacdicalbi. S ingofelaedo, B ncchuck(ESC)6 

of ESC assembly .06 (Fig. 27A, of ALD raacro, .00 of Fig. 8. Circni, 348 may also * appUea. ,o vanous 
embodiment of ESC 6 of pedes*,. 4 of ALD roaoror 2 of Fig. L Circni, 348 is an almmauv. embodrmen. 
to circuir 84 of Fig. 7, a> discussed previously. 

As shown in Fig. 31, ESC 6 includes .1 leas, a firs, elocnode go and a second elecdode 8 2. One 

cbemalically in Fig. 31, is shown in Fig. 27A, wb.ro firs, end second elec.od.s 80 and 2 . : ah,™ - 

amrula, plams. A donbl. D (U„ minor imaged, conf.gumtion o, tiuerdigdatid conX,g»mti. . or 
80 and 82 .,„ also* used, as previously mentioned. ,» Fig. 3,, firs, and second erodes 
and 82 « each biased wid, a DC voting.. RF bias power is also coupled ,0 bom decodes 80 a^ 82. 
30 Embcddmg cl..lrnd.s 80 and 82 in ESC 6 allows improved RF power cupfing ro subsmrr. - 

masimnm nnif.™iry and minim., power toss, compared •„ applying RF power ro cooling pfcre 10 (or 
baanpla.eWupon which ESCdsiti (Fig. 27A). This is tuennse .,ecdcd.s80 and 82 „ ESC 6 are cto 
ro substiar. 8, while cooling pla<e .10 (and baseplarc 1 12) are comparatively fa, from anted,,. 8 

Firs, .loaded. 80 and second eleodode 82 are biased wim drlferen, DC po,.ntials ,. prdvade d* 
35 "chucking" scion ma, holds subside 8 to ESC 6 prior ,o plasma ignidon and during deposition. As shown 
in Fig 3,, fimclecnode 80 ,s conpled via a *rial coupling of a fim, indued* g8 and a fins, mad ms, S », 
350 ,o one rcnninal of a DC power snpp.y 86. Second eteetiode 82 is coupled vra , serial conp.mg of a 
s .condindnc,.r90andasec»nd,oadmsis,or352,.m.ome,«nm»al.fDCpow., S upp.y86. 

A rhird oapacdo, 354 is coupled bcw«n on. Kmtimd of i»duc»r 88 and a ground .ermma. * A 
40 found capacdo, 356 is coupled towe.n tire odre, remuna. of inducor 88 and round ,ermin.l 94. A fifth 
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««. beans, rh. bias poWry switches before tons - nnprnge 

averaged potential. w „„„ is applied » the top boundary of the process cten*«, 

^c^^P^-^™ ^^^^ora^of^ 

rr— — 

„ Ullh epr.se«.ernbod, m enB * ratel han.o S h»we,hc*n7 2( Fig. .3). Th* 
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Reding ro Fig. .3, show.rh.ad .72 and sh. Id .4 are po ^ 
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,„ ESC 6 spacing thai is small (nominally 0.3 u> ^ ^ 

larger than the area of substrate 8, or the area 

v dc oower to ESC 6 via electrodes 80 and 82 (rig. jij, a »u v 

lna ddi.ron,by.pply..g«P pc- ,„„gy of ihe impinging »»s 

canke.sadtos—Bneouslyg^KP'as-'WO 1 * . ' „ 

s^rL~----v..s--*-.--*--'-* 

magnitude of V, is typically 10-30 V. e 

ring faa.ener 180 is also grorurded. Process • m 

25 v^mgrheapphedRFpow. 1 ^^^^M- 

of ALD re.cror .OOff.g. .2 andFrg. . ), «-* » rf ^ „ 2 , 

matching circuit 370 . *k RF gc~.au,, 92 (Fig. **t ^ fi 

Fie . 33 is a schema* diagram of. circuir 376, inclruhn •» RF 

can be opened to isolate RF generator retime in the 100 ms time range. 

Fl , ,, - Fig. ,, - disced p,,^ *- =u ^ ^ ^ ^ ^ 

showerhead 172 and cnambe, hd 10. Shield » ^n.of shidd 

ring 2g. The conduces of upper and lower pains 22 and 24 are y P 
14 by linear motor 122 (Fig. S). ^ iB ptocess 

^her^andcanh^edrovaryrharpressu™. F« ,«* ( ,„ w ^ w , ocess 

p « ssure .ofan„»la, pomping channel 20) can ha esmnhshed „ clnrmbe, using 
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, «n ,„d 82 ,™na »n not strike or snstain plasm. >M «» <*"* 100/1 

v ■ ««i tw a switch such as switch 374 in circuit 372 of Fig. 32 or switcn 
12. Plasma 194 may be terminated by a switcn, sum 
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deposition chamber, and a monolayer 01 me a free lieand x 386 is created 

384ons rrr— 

Precursory 388 reacts **-Mf^*™-^* m ^~*^" 
Precursor By self . limiting reaction halts once initially adsorbed precursor A 384 fully 

limiting surface reaction. The self limiting by . prod ucts are 

t»« 1RR Fourth, excess gaseous precursor By 388 ana any rc* / r 
reacts with precursor By 388. i-ounn, exec B k monolaver390 of the 

ri t a o a in B ossiblvwiththeaidofaninertpurgega S ,leav,ngbeh,ndanABmonolayer^ 
pumped out, again possibly with ^ 

deposition cycle is to shorten the durations ot tn * The fust precursor pulse must be long 

. , * . , pn - ths however cannot be arbitrarily decreased. The first precursor p 

individual pulse lengths, however, The second precursor pulse must 

k , fnr m an adsorbed layer of the first precursor on the substrate. The second precur v 

enough to form an aasoroea r The oump/purge pulses 

, can cause quality and reliability problems in the deposited film. 
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Fig. 35 is a schematic illustration of a novel ALD process. One deposition cycle includes two 
steps rather than four, which improves process throughput and repeatability. In the base process, a 
substrate 8 is maintained at a precise temperature that promotes chemisorption rather than decompose 
,„ the first step, a gaseous precursor 392 is introduced into the process chamber. Gaseous 
5 precursor 392 inc.udes the desired thin film species (P) bonded with a plurality of ligands (L). Spec.es P 

process, a molecule of gaseous precursor 392 interacts with a surface bond 394 to form a chemisorbed 
precursor 396 via a chemical bonding process that may create a plurality of free ligands 398 as shown m 
Fig. 35(a). As a result of the first step, a monolayer of chemisorbed precursor 396 is formed on substrate 8 

10 as shown in Fig. 35(b). 

1„ ,he second seep, an inert purge gas is introduced into the process chamber to purge excess 
gaseous precrnao. 392. Tte purge gas may inctude, for .xampie, argon (AO, diatomic hydrogen (HA and 
ome, oprional species auch as helinm (He). RF power is applied (e.g., using a compote, syocmemzed 
,*i K h) donng 0ns second step to generate a plasm, .94 in the proceas chamber, o, .he plasm, rs sm c k by 

,5 an increased gas pressure node, const.n, » p.-. Aa shown in Fig. 3*0, plasm* .94 inclndes . 

plurality of energetic ions 400 (e.g., Ar' ions) and . plurality of reacnue mm** (e.g.. H mm* Some 
of reactive atoms 402 may actually be ions. 

,ons 400 and atoms 402 impinge on the surface of substrate 8. Energetic ions 400 transfer energy 
to substrate 8, allowing reactive atoms 402 to react with chemisorbed precursor 396 and to strip away 

20 unwantedhgandsCwh.chfo^^ 

atoms402,incon j unctionwithenergeticions400,maythusbeconsideredtoactasa second 

When the plasma power is terminated, a monolayer 406, usually about one atomic layer of the desn-ed 
species P is left on substrate 8 as shown in Fig. 35(d). This two-step deposition cycle can be repeated as 
needed until the desired film thickness is achieved. The film thicks deposed per cycle depends on the 
25 deposited material. Typical film thicknesses range from 10-1 50A. 

Typical precursors for tantalum (Ta) compounds include PDEAT 
rpentakis(diethylamido)tantalu m] , PEMAT [pentaki^thylmethylamidojtantalum], TaBr, TaCl 5 , and 
TBTDET [t-butylimino tris(diethylamino)tantalum]. Typical precursors for titanium (Ti) compounds 
include TiCU, TDMAT [t etrakis(dime*ylarmdo)titanium], and TDEAT [tetra^diemylarnino^tantum]. 
30 Typical precursors for copper (Cu) compounds include CuCl and Cuprase.ect® 
[(Lerny^^^ 

include W(CO) 6 and WF, In contrast to conventional ALD processes, organometal.ic precursors canbe 

used in novel ALD processes. 

The purge pulse includes gas, or gases, that are inert (e.g., argon, hydrogen, and/or hehum) to 
35 preventgasphasereactionswithgaseousprecursor392. Additionally, me purge pulse can include the same 
g asorgases,neededtoformenergeticions400(,g.,ArMons)andreacdveaton K 
This minimizes the gas switching necessary for novel ALD processes. Acting together, reactive atoms 402 
react with chemisorbed precursor 396, while energetic ions 400 provide the energy needed to dnve the 
surface reaction. Thus, novel ALD processes can occur at lower temperatures (e.g., T < 300 C) Oian 
40 conventional ALD processes (e.g., T - 400-500 »C). This is especially important for substrates that 
already include low thermal stability materials, such as low-k dielectrics. 
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redinFi. 36 Fig 36(a) shows that one deposition cycle in a conventional ALD process includes a 
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IS switch eases with conventional valve systems. 

sec The duration of purge/pump pulsos 4,0 n», be MS sou. The durations of deiaya 4,4 may he 200 ms 

fct p^Lp,L4,6a„d.pu,gegaapu, S e4,,B.chp„, S eisfo,,»w«dh,ade,.»430.Th.c,»p S ud 

convenlionalALDptocesses,d>«ebyiucreasu,gproces S duoughpu<. 

Pro.es duoughpu, can he flmhe, mcreased if de,»ys 420 have aero ,eng,h 

,e„gd, are further MM » nove, ALD process h, effecrive use of purge gas puis, 4, 8 whrch CM 

30 1 :ldl 8 P» g e 8B pu,se4, 8) . Addidouafly, dr. carries gaa fo. dre flrs, p.curso. «~. 
during fira. precox pu,ae 4,6) «, he one of dre source gases of Ok "second" precursor. 

plnone* wifl appreciate dm, ahcrnadve embodiment, of novo, ALD processes are ^ «. 
F „r example, m some embody mu,rip,« P— - * - 

35 ^ used as an in-aitu clean . remove carbo^rontaining «sidues, nanve oxrdes, u, . he, mf^m . I 

taprove dissociadon (e.g., of Ha) and add a physical Can (e.g, via spudenng by A, ro genemKd 
^>. ,» 5 ri...0ter.mbodime» K ,^^ 

40 ^"^^^^^^^ZT 
«,.,=d U.S. Provisional App»c«i.n Serial No. 60T235..12, enri.led "Medrod For l.regrared ,n-S,r« 
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• Cleaning And Subsequent Atomic Layer Deposition Within A Single Processing Chamber » filed 
December 15, 2000. 

Alternative Novel ALD Processes 

The novel ALD process described previously may be modified to further increase performance. 
5 Alternative novel ALD processes may address faster purging of precursors, rapid changes in the 

conductance of the process chamber, state-based changes from one step to the next, self-synchronization of 
the process steps, and/or various plasma generation and termination options. Such alternatives can be used 
to further decrease the length of a deposition cycle, thereby increasing throughput. 

For example, in some novel ALD process embodiments, it is desirable to quickly purge a gaseous 
10 precursor 392 from the process chamber after formation of a monolayer of chemisorbed precursor 396 on 
substrate 8 (Fig. 35(b)). This can be accomplished using the in-process tunable conductance achieved by 
shield 14 (Fig. 13), which can be moved during the deposition cycle. Referring to Fig. 15, Fig. 16, and Fig. 
17, as discussed previously, shield 14 forms shield conductance upper path 22 with showerhead 172 and 
chamber lid 10. Shield 14 also forms shield conductance lower path 24 with shadow ring 28. The 
15 conductances of upper and lower paths 22 and 24 are varied by precision movement of shield 14 by linear 
motor 122 (Fig. 8). 

It is possible, therefore, to rapidly increase the chamber conductance by lowering shield 14 after 
exposing substrate 8 to gaseous precursor 392. For example, a purge shield position 214 may be used (Fig. 
17). Lowering shield 14 opens up shield conductance upper and lower paths 22 and 24 to annular pumping 
20 channel 20. The low pressure of pumping channel 20 will hasten removal of excess gaseous precursor 392, 
and by-products such as free ligands 398 (Fig. 35(b)), from process chamber 12. Simultaneously, the purge 
gas (e.g., Ar, H 2 , and/or He) is flowed to assist in purging excess gaseous precursor 392 and by-products 
from chamber 12. Lowering shield 14 also leads to a drop in the pressure in chamber 12 through exposure 
of chamber 12 to annular pumping channel 20. Shield 14 can then be moved back up, for example, to a 
25 position similar to shield position 212 of Fig. 16, to decrease the conductance and raise the pressure in 
chamber 12 (assuming constant gas flow) in order to strike plasma 194 (Fig. 35(c)). 

In particular, plasma 194 can be generated while using, for example, circuit 348 of Fig. 31. 
Application of RF power may be synchronized (e.g., by computer control) with the position of shield 14 
(Figs. 15-17) to generate plasma 194 in chamber 12 (Fig. 13). Alternatively, if RF bias power is constantly 
30 applied to electrodes 80 and 82 using circuit 348 (Fig. 31), high pressure (i.e., relative to the pressure of 
annular pumping channel 20) in process chamber 12 can be used to trigger plasma 194 (Fig. 13). Low 
pressure (i.e., near the pressure of annular pumping channel 20) will effectively terminate plasma 194 since 
not enough collisions will occur to sustain plasma 194. 

Fig. 37 shows timing diagrams for an alternative ALD process embodiment, as discussed above. 
35 Fig. 37(a) shows two deposition cycles including a first precursor pulse 416 followed by a purge gas pulse 
418 with zero length delays after each pulse. Fig. 37(b) shows the corresponding chamber conductance. 
Each one of a plurality of low conductance periods 422 (corresponding to raised shield positions) is 
separated from another by one of a plurality of high conductance periods 424 (corresponding to lowered 
shield positions). High conductance periods 424 occur at the beginning and end of each purge gas pulse 
40 418 to assist in purging chamber 12 (Fig. 13) of resident gases. 
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S P-oeess P e— . These „n*-tased processes on se^l .seun.pe.on, tnctadmg « 
steady suite^onditionsexist, ital all ALD reactors behave similarly, and that all gases and processes are 

,5 ,ime based approach, ,o synchtoni*. rhe individua, pulse, Thts can prov.de self-sy^onrznnon of the 
Ze (J . fixed duration) a predetermined rimc after the tntroduction of Ihe prevtous fixed dun.no. gos 

i- v. a ; nn , impure switch mounted in chamber body 18 capaoie 01 
n.F«> 13. This can be accomplished using a pressure swnenmou 

12 (Fig. 13). orcssuxe can be modulated via the in-process 

ALD process of Fig. 38 is similar to the ALD process of Fig. 37, but it has an alremale plasma termrnatwan 
n^emso, 392 and free ligands 39g ftom chamber 12 (see also Fig. 17 and Frg. 35 
t L 38(c), isreduced. Thus, . low conduce, period 434 in Fig. 3g(b) (cooespondmg ro , tagh 

llr (Fig 13). Ple S m 3 onpeHod S 430oceu,du^ e eachhighpm !S umpenod43«du™ 8 purgeg.s 

switch would be synchronized wilh the deposition steps by, for example, a computer. 

Novel Chemisorption Technique for ALD Processes »—_.„»» 

wi,Zferen c etoFig.35 ( a),„h,namo,eeu„ofgase„uspr»u re o,392. m v«satsubsn, K g.wh.h B 
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■ toted a warkly bonded ligand wi» cleave ofTof the molecule, forming free ligarf 398. Thrs actually 
■eaves', he ptcetusor molecule wifi, a ne, charge (Cher posirive or negarivc). An opposde-polarity, low DC 
bias (. 8 ISO V| < |VU < 0 V) applied ,0 subsu.,. 8 will anract dre charged precursor rmlecure .o 
suhshare 8 and orient i. so tha, ,he desired „om is bonded ,„ subsets* 8 ,» fon» cherrdsorbed precursor 
5 396 The lowcs, possible bias (e.g., |10 V| < |V.J < 0 V) dun genereres a momen, on rhe charged precursor 
" nucule is desirable ,o corned, onen, the charged precursor molecule wirh nunimal charge 



This novel chemisorprion .echnique for ALD processes promorcs uniform and complete (r.e, 
somro.ed) etamisorprion wid, a specified orient on dielecric and OKUrllic surfaces so d», high qua.* 
,. reproduce Uyor-b,-^ grow* can b. achieved using ALD. The novel chenusorprion ,echn„ue rs 

d,e case of organomcllic precursors such as nurse mendoned previously. 

Fig 39 is a achem.de illuamrdon of me novo, chemisonrrion rechniuue fo, ALD processes 
15 d ep„s,,mi»f,ln«.fore^J..C<^.in,e,conu«, t «lmo,ogy. Two rhio lO-j-d k copper 

20 ligand is Caved insieod, men me Tn becomes posirive,, chmgeri and . nag.,,., bma apphed ,o subsr,a,e 
wuldomnirheT.tow.risubslraleSforchemiaonrlion. 

Fig 39(b) ,,,usrm,.sehem,s..p,^^ 
_tl ,n ,hc ease of a precrusor CuhfacTMVS 444. Ore TMVS ligand is elcaved. A now posurve^ 

25 which is negalively biased, for chemisorprion. 

,„ some embodiment ,h= novel chemisorprion ..chnique may include an in-s,ua clean pn„ 
inrroducrion of the friar precursor to promote high quality film deposirion. As discussed above rn 
,„ Fig 36(b) a purge ga, pulse 4.8 (e.g., including At, H, ,nd/o. He) con b. used as an rn-srnr clem. » 

30 No 60*53,812, referenced above). Removing naive modes from me,,, layets is .spec* onF-™. h 

carbon and oxygen to torn, volntile species («*, CB. and OH, species,. A,' o, He ions unprov. 

The p. mhos canbe hrilored to alter fire physical versus chemical component of fir. nvsmr dean. 
35 Fi g40isasche m ndcdi.g.™of.cucn i ,450fotc,ec O ,ca,hi.su,go f ESC6. f ALDrenoro,.00 

" " (Fig 12) for the novel chemisorption technique described above. The use of ESC 6 helps provide a 

„L bias to subamt, S (Fig. 39). Circui, 450 of Fig. 40 is sin*, ,0 citcui, 372 of Fig. 32 and erreun 

450 and circuits 372 and 376. 

,„ Fig. 40, with the RF power ftom RF gene.a.ot 92 decoupled by opening an RF power swtfoh 

supplier,, perform the rime... of DC powe, supply 86 in Figa. 32 and 33 ,0 maintain the po.ennn. 
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WO 02/081771 , lffprt > n ce orovides the "chucking" action that 

„ iftstCT c« between ^ » - « Th, po« **- ^^^roCpower 

supplies 454 and 456 and . ground tnmunal 458 « curten » ^ 
4«'.nd.OC refa «n te ,o toE eson ree 464. Ground term*.. 458 ma, be One 

5 ground terminal 94. electrodes 80 and 82 (and therefore of 

subsume 8 during cheunsorptton - *°«° - 3 " " " sou , e 464 . DC ..fence 

required to cbemisorb a conv ^J^^J^ partial pressure during first precursor pulse 416. 

Oncechemisotptioo.s complete. DCpowess BP „ OTIS «i«h452isdoa«dt. 

15 ree^ee^genenlor^m— ^^ ib , elouse „ c «, sim i,ar »c ta ui,4 S 0. tF i, 
,„someembodiment S ofALDproc=sses,.t p ggc 6 using a high DC voltage (e.g., 500 

40 to generate plasma 194 above substrate 8 (Ftg. 13) Y •»« ^ % ^ , 8 

v^dno4bou^.DC.efert-vo.»g-- W ^^ tvotesemllMbe . lowDCv o, B8 e 
20 462 would alternate between t»o dirtine, voltaga isour • The tow DC voltage might be 

c „„p,ed to electrodes 80 and 82 during plasma off pertods 43 :V > J ^ 

diOT ssedabove.Tbes.condv„lug«wouldbe,lughDCv„ g 

pUsma on periods 430 (Fig. 37) to generate pton. ,194. ^ _ ^ ^ a „ d 

„ K.,t iVip teachings herein can be appucu ^ 
seed layer deposition, but the teacning ^ foregomg 

embodiments of the ALD reaotoa, and .1. . «— ot te ^Hon. Many 
M ft. within the M and eapriuble scc^e of the append*, eton, 
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We claim: 

1. A system comprising: 

a deposition process chamber defined by at least in part by a pedestal, a chamber lid offset in a 
particular dimension from the pedestal, and a movable shield surrounding at least a portion of the 
pedestal and at least a portion of the lid; 

wherein the shield moves back and forth in the particular dimension. 

2. The system of claim 1, wherein the system is a deposition system. 

3. The system of claim 1 , wherein the process chamber is an atomic layer deposition process chamber. 

4 The system of claim 1, wherein the process chamber is substantially circular, and further comprising a 
variable gas conductance path that leads to an annular pumping channel surrounding the process chamber. 



15 



5. The system of claim 1, wherein the pedestal comprises a chuck assembly for supporting a substrate. 

6. The system of claim 5, wherein the chuck assembly comprises an electrostatic chuck. 

20 7. The system of claim 1, wherein the pedestal is located at a bottom of the process chamber. 

8. The system of claim 1, wherein the chamber lid comprises gas channel openings for feeding gas into the 
process chamber. 

25 9. The system of claim 1 further comprising a variable gas conductance path controlled by a position of the 
shield. 

10. The system of claim 9, wherein the variable gas conductance path is between the shield and the 
pedestal. 



30 



11. The system of claim 10, wherein the pedestal is fixed. 



12. The system of claim 9 further comprising a pump in communication with the variable gas conductance 
path for maintaining the process chamber at a subatmospheric pressure during at least a portion of a 
35 deposition process. 

13 The system of claim 1 comprising a first variable gas conductance path and a second variable 
conductance path, wherein the first and second variable gas conductance paths are controlled by a position 



of the shield. 



40 
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shie.d, - * — ^ gns condncncn pah . M« * — *• - P — " 

the shield. 

5 ,5. The of cUim 1, "herein *. shioH include fm - I-* coo,i„B chnnne.. 
process chamber. 

15 , 9 ThesysKn.ofd.fin . Mta coding . bo* siding the pnx** -d. 

i„,„ te proc^ ctombe, only when the shield is in . firs, posinon. 

25 ^"oe eo— H, or ,he a, ,e.s, ooe g,s c, moving . ponioo of *e Process 

chamber enclosure. 



i an 
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21 . T h,^.foUh.2.,^now i » 6 -.e.. 1 «»s.one B »oon TriS «fl.«i» 8 ..^-"^»' i 
atomic layer deposition process. 

22Th .^.fcUim 2 0.»he^( to ^d«».-«-^-^^ to '^ ,iCP ' OCBS ' 
M g» followed hy . second gas, one second g.s being dhTeren, fron, 0* firs, gns. 

2 3 T h.^ofo*20,^ ta fl.^..^.»-g»so»^«»^« k '»' k ' I,Me81! 
35 ^ghganoh^lop^d^ind.p^ofny.prc^ch^.ncl^. 

40 1J . Tb ^-«**^*^-*^«*--- - —*-" ,-,- " ,,,, ' 
the process chamber enclosure. 



-34- 



PCTAJS02/09999 

W ° 02/081771 , inductance path comprises a first variable gas 

26 The method of claim 20, wherein the at least one conductance pat 

conductance path and a second variable conductance path. 

««, ,he S ho..w n., «l *= potioo of*, poo ctonta oncloso*. 

«f th.* nrocess chamber enclosure comprises 

cnamber enclosure, the gap forming at least part of the conductance path. 

. ^ v« the nrocess chamber enclosure comprises 

3, The ^ of c bim 20, .tad. M * P~- * ^^.^^^^ 

„„„ of*, P-oc* choonbo, encta*., ****** ■«•» f °™"* "» S,pa 

rt f thP nrocess chamber enclosure comprises 

25 within the process chamber, 
process chamber. 

M 34. r,.^o f o to3 3.^»*«^' 5 ^'''^»^^ Cte *"' 

the oortion of the process chamber enclosure by 



35 36. The method of claim 
chamber enclosure. 



20 further comprising using a linear motor to move the portion of the process 



40 the process chamber enclosure is in a first position. 

38. An atomic layer deposition (ALD) processing system comprising: 
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a process chamber for conducting an ALD process; 

an electrostatic chuck assembly for retaining a substrate, said chuck assembly comprising at least 
one chuck electrode, said at least one chuck electrode being biased with a first potential to create 
electrostatic attraction between said chuck assembly and said substrate to thereby retain said 
5 substrate in place on said chuck assembly; and 

at least one electrode in said chamber for being coupled to power for creating energetic ions 

impinging on said substrate, said ions causing a reaction on a surface of said substrate to form a 
layer on said substrate in an ion induced ALD process. 

10 39. The system of claim 38, wherein said at least one chuck electrode and said at least one electrode are the 
same. 

40. The system of claim 39, wherein said at least one chuck electrode comprises at least a first electrode 
and a second electrode. 

15 

41. The system of claim 40, wherein said first electrode and said second electrode form substantially 
concentric annular plates. 



20 



42. The system of claim 40, wherein said first electrode and said second electrode are interdigitated. 

43. The system of claim 40, wherein said first electrode has a D shape and said second electrode has a 
reverse D shape, with a substantially flat edge of said first electrode facing a substantially flat edge of said 
second electrode. 

25 44. (Amended) The system of claim 38, wherein said power comprises RF power for creating energetic 
ions in said chamber. 

45. The system of claim 38, wherein said power generates reactive atoms in said chamber. 

30 46. The system of claim 38, wherein said power applied to said at least one electrode controls the energy 
and density of said ions. 

47. The system of claim 38 further comprising a reference electrode in said chamber for use in conjunction 
with said at least one electrode for creating said plasma. 

35 

48. The system of claim 47, wherein said reference electrode comprises a gas inlet for said chamber having 
at least one opening for gas to enter said chamber, said gas inlet facing a frontside surface of said substrate 
on which a layer is to be deposited. 

40 49. The system of claim 48, wherein said reference electrode is electrically grounded with respect to a 
source of said power. 
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a, k ™d..f».a»c.al.c.rod= is toted approxinnnaly «0<»l >° » *»" 
0.4 inches away from a frontsiae sun^ 

f chim 4, „here,n said Irenes electrode » 1— * < — 0 3 » °' 6 
10 53 The system of claim 4/, wnerein** 

, , • •» wherein said * >««. 0~ *»* , " S, ^ "* f " 

15 phase »i.b said power »p« .0 said at ,«as, « firs. *cw*. 

r.raT— _r=rr==r-ar- 

for said ALD process. 

56 The system of claim 54, wnerein bam 

chamber having openings for gas to enter said chamber. 

25 chamber baaing a. to. one opening for gas to enter ».d chamber, sa,d g 
of said substrate on which a layer is to be deposned. 

^.Ld^being^^an-or^^au^ofaatd — 

retain. 54 wherein said a. .east ona second decode as located approximarely to or 

!^. fc --.-*--------*' , ^ ,, - b,4 * -,d - 

W diffaran, from . fra,»anav of said powa, coopied ,o sa,d a, .ens, 
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^ and are -MM in - " «—* — * SySttm C ° mPnS "' 8: 
, power source eoupled to said at least one ehuck electrode; and 
5 , DC bias source coupled to said at least one chuck el=c»ode. 

„. T^sysremof claim * where* a f^uencvof said power is approximate! ydOMH, 

10 , , „ ,8 wherein said chuck .ssenthly contact, a backside surface of said subs*.*, 

66. Thesystemofclarrn38,wnereinsaro a i,,H,drt e surface of sard substrate for 

between said chuck assembly and said substrate. 

1 5 f ,i aim 66 wherein said gas inlet has a plurality of openings. 

67. The system of claim 00, wnereiu m. u 6 

68. The system of claim 66, wherein said gas inlet has only a single opening. 

xv. . f claim 66 wherein said chuck assembly comprises an annular ring for supporting an edge 

backside gas therethrough. 

f , aim 38 wherein said chuck assembly further comprises a gas channel having a 
70. The system of claun 38, whe^n ^ ^ , ^ 

25 plurality of gas openings arranged » a nng to cause gas tp ^ 
gradient along an edge of said substrate to prevent react.ve gases from causmg 
surface of said substrate. 

breaks between said cooling plate and said first surface of sa.d chuck assembly 
35 difference between said cooling plate and said first surface. 

controlling the energy of impinging ions on said substrate. 

said potential on said substrate. 
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75. The syste". <*<**» PO ' en,i,, ' " 

approximately 150 volts. 

. « . „ c K . vp an enerev of between 10 eV to 80 eV. 
r i • wherein said ions nave an encigy uw 
10 79. The system of claim 73, wnerein mi 

15 volts. 

f c ,aim38 wheremsaidchuckasse^lyf^ercomprisesaresistiveheaterfor 
82. The system of claim io.wnercuiao. 
controlling a temperature of said substrate. 

• . ,. mne rarure sensor for controlling cooling and heating of 
20 83. The system of claim 38 further compnsmg a temperature sens 

said chuck assembly. 

less than or equal to approximately 150 watts. 

25 • united to said at least one electrode to create said ions is 

85 The system of claim 38, wherein sard power apphed to sa,d 

less than or equal to approximately 1000 watts. 

86 ^^.^^^^^^^'^ 

30 density of lm tten « eoool to .pproxtattely 3 W/cm . 

tart, of less tto or «H » approximately 0.5 Wlem . 

M 88 ^^Ofc^^co^.^--^-^^^ 
« fere oce elecoode riM — * • * S " bS, " ,e - 

89 .^^.fcl. im8 ,»--«-^^-•^° f ^ faP,OVMfae, 
gas to said process chamber. 

40 90. The system of claim 38, wherein said power creates a plasma. 

-39- 
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91. The system of claim 38, wherein said surface of said substrate is a surface of a layer that has been 
deposited on said substrate. 

92 The system of claim 38, wherein a distance between said at least one chuck electrode and a backside 

5 surface of said substrate and a distance between said at least one RF electrode and said backside surface of 
said substrate is approximately equal to or less than 2 mm. 

93 The system of claim 38, wherein said electrostatic chuck assembly comprises at least a first electrode 
and a second electrode supported by said dielectric material, said system further compnsurg: 

a DC bias voltage supply coupled across said first electrode and said second electrode to retam sa,d 

substrate in place by electrostatic attraction; and 
a radio frequency (RF) generator coupled to said firs, electrode and said second electrode for 
creating a plasma in said process chamber. 

15 94. The system of claim 93 further comprising: 

a first RF filter coupled between said first electrode and a first DC potential; 
a second RF filter coupled between said second electrode and a second DC potential; 
a first DC filter coupled between said first electrode and said RF generator; and 
a second DC filter coupled between said second electrode and said RF generator. 

20 95. The system of claim 94, wherein said first RF filter comprises a first inductor, and said second RF filter 
comprises a second inductor. 

96 The system of claim 95, wherein said first RF filter further comprises: 
25 a first capacitor coupled between a first terminal of said first inductor and ground; and 

a second capacitor coupled between a second terminal of said first inductor and said ground; and 
wherein said second RF filter further comprises: 

a third capacitor coupled between a first terminal of said second inductor and said ground; and 
a fourth capacitor coupled between a second terminal of said second inductor and sa,d ground. 

30 97 The system of claim 94 further comprising a first load resistor coupled between said first RF filter and 
said first electrode, and a second load resistor coupled between said second RF filter and said second 
electrode. 

98. The system of claim 94, wherein said first DC filter comprises a capacitor. 

99. The system of claim 94, wherein said second DC filter comprises a capacitor. 

,00 The system of claim 94 further comprising an RF matching circuit coupled between said first DC 
40 filter and said RF generator and coupled between said second DC filter and said RF generator. 



35 



. The system of claim 100, wherein said RF matching circuit comprises: 
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a first variable capacitor including a fust terminal coupled to said first DC filter and to sa.d second 

DC filter; 

an inductor including a first terminal coupled to a second terminal of said first vanab.e capacitor, 
and a second terminal coupled to said RF generator; and 

and to said RF generator, and a second terminal coupled to a ground terminal. 

10 2.Thesystemofc.aiml00m^^ 
be coupled to said RF matching circuit. 

,03 A method performed by an atomic layer deposition (ALD) processing system comprising. 
' retaining a substrate in an electrostatic chuck assembly within a process chamber, sa.d chuck 

assembly composing at least one chuck electrode supported by a dielectric material, sa.d at least 
one chuck electrode being biased withafirst potential to create electrostatic amaction between 
said chuck assembly and said substrate to thereby retain said substrate in place on sa.d chuck; 



10 



15 



and 
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„p,yin 8 .o a, lens, « .U«o* po- f» ~»* »- ***** » ^ * „ 

le a macuon on a surface of s.id suba,r„e ,o form a Uyer o„ said subshme in . K» .ndnced 

ALD process. 

,04. The «,hod of ehrinr ,03, wherein aa,d a, leas, on, ohnon ehrenode and soid a, ,e»s, one efconnde a« 
the same. 

,05. The method of claim 103, wherein said power comprises RF power generating energetic ions in said 
25 chamber to perform said ALD process. 

,06. The me.hod of ebrim ,03. wherein snid power genenues reacdve 0,0ms in said ehamfcn, • perform 
said ALD process. 

30 107. The method of claim 103, wherein said power creates a plasma. 

108. The method of claim 103 further comprising: 

applying a first DC potential to a first electrode in said electrostatic chuck assembly and applymg a 
second DC potential to a second electrode in said chuck assembly to create said electrostatic 
35 attraction to said substrate for retaining said substrate on said chuck assembly; 

grounding an electrode in said process chamber; 
flowing at least one gas into said process chamber; and 

applying power to said first electrode and said second electrode to create said energetic tons. 

40 10 9.Theme*odofc»a.mlO^^ 

least one gas in said chamber until a plasma ignites. 
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• , 10 . The method of claim 103, wherein said applying said power comprises closmg a swtch coupled to 
generator to ignite a plasma. 

n J. The method of claim ,03 further comprising terminating a generated plasma by opening a switch. 

5 „2. The method of claim 103 further comprising terminating a generated plasma by lowering a gas 
pressure in said chamber. 

, ,3. The method of claim 103, wherein applying said power to create said energetic ions comprises 
10 applying power of approximately equal to or less than 150 watts. 

1 14. The method of claim 103, wherein sa.d power is at a frequency of approximately 13.56 MHz or 
higher. 

,5 1 15. The method of claim 103, wherein said power induces a potential on said substrate for attracting and 
controlling the energy of impinging ions on said substrate. 

116. The method of claim 1 15, wherein an increase in said power causes an increase in an absolute value 
of said potential on said substrate. 

1 17. The method of claim 1 15, wherein said potential is negative. 

, 18 . The method of claim 1 15, wherein said potential is between approximately -10 volts to -80 volts. 
25 , 19. The method of claim 115, wherein said ions have an energy of less than or equal to 150 eV. 

120. The method of claim 115, wherein a magnitude of said potential on said substrate is less than or equal 

to approximately 150 volts. 
30 121. The method of claim 115, wherein said ions have an energy of between 10 eV to 80 eV. 

density of less than or equal to approximately 3 W/cm 2 . 
density of less than or equal to approximately 0.5 W/cm 2 . 

124. The method of claim 103, wherein said flowing said at least one gas comprises injecting gas into said 
process chamber through a grounded electrode. 

125. The method of claim 124, wherein said grounded electrode is located to oppose a frontside surface of 
said substrate. 



40 
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126. The method of claim 124, wherein said grounded electrode substantially surrounds a periphery of said 
substrate. 

5 127. The method of claim 103, wherein said method forms a metal-containing layer on said substrate in 
said ALD process. 

128. A system for controlling the temperature of a substrate in an atomic layer deposition (ALD) process 
chamber comprising: 

1 0 an electrostatic chuck assembly for retaining a substrate on said chuck assembly by electrostatic 

attraction, said substrate, when retained by said chuck assembly, forming a backside gas volume 
bounded by a backside surface of said substrate; and 
a gas inlet leading to said backside gas volume for supplying a backside gas to said backside gas 
volume for providing a thermal transfer between said chuck assembly and said backside surface 

1 5 of said substrate during said ALD process. 

129. The system of claim 128, wherein said gas inlet has a plurality of openings. 

130. The system of claim 128, wherein said gas inlet has only a single opening. 

20 

131. The system of claim 128, wherein said chuck assembly comprises an annular ring for supporting an 
edge of said substrate while leaving said gas volume beneath a central portion of said substrate for flowing 
said backside gas therethrough. 

25 1 32. The system of claim 128, wherein said chuck assembly further comprises a gas channel having a 

plurality of gas openings arranged in a ring to cause a gas output from said gas openings to create a pressure 
gradient along an edge of said substrate to reduce the partial pressure of reactive gasses along said edge and 
to prevent reactive gases from causing deposition on a backside surface of said substrate or deposition on a 
surface or edge of said chuck assembly. 

30 

133. The system of claim 128 further comprising: 

at least one coolant channel for flowing a coolant therethrough for cooling said chuck assembly; 
a heater for heating said substrate; 

a temperature sensor for detecting a temperature corresponding to a temperature of said substrate; 

35 and 

at least one controller controlling said heater, said coolant, and said backside gas to regulate a 
temperature of said substrate. 

134. The system of claim 133, wherein said at least one controller comprises a gas pressure controller for 
40 regulating said backside gas. 



135. The system of claim 133, wherein said temperature sensor is part of said chuck assembly. 
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,36. The system of claim 133, wherein said temperature sensor is an optical sensor. 

137 . Thes y stemofc,aiml36,wheremsaid temperature sensor optically measures a ten^ra^e of said 
5 backside surface of said substrate. 

138. The system of C.hn .33, — • — " ' *— ~ * 
temperature of said chuck assembly. 

„ „9 3Vs ysB n,of C laUn 1 33,w to =in»d, 1 .e»..ncco„ n o..«co^.nowc» tt one t f« 
controlling a flow of said coolant though ** coolant channel. 

chuck assembly. 

15 ,41. Thesystemofc.aiml33,whereinsaidheaterisexternaltosaidchu C lcassembly. 

,42. The system of claim 141, wherein said heater comprises one or more lamps. 
20 143. The system ofclaim 141. wherein said heater comprises a plasma. 

,44 The S ystemofclaiml33,whereinsaidat least one controller consols any combination of said heater, 
sai d coolant, and said backside gas to regulate a temperature of said substrate. 

.45 The system of claim 128, where^ .. 
substrate. 

other portions. 
35 process to form a layer on said ftontside surface. 



40 torr. 
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)S0 ne sys ,m of ctaim 128. sa,d backs* 8 



ton. 

f . substrate in an atomic layer deposition (ALD) P^ess 
^.AmethodforcontroUingthetemperanneofasubstratetn 

5 chamber comprising: c w k assembly by elec^ostatic attraction, said substrate 

whenretamedbysaidchuckassembly.fomung 

surface ofsa.d substrate; and ^ backside gas volume, said backside gas providing 

a dermal transfer between sa.d chuck assemt) 

i n 0 at least one gas into said process chamber for 



said frontside surface. 



15 



saio 

154 . T^hodoMain,^ toO«r „, sajd .nd 

d« m »llyco>.p"u»»idchuc kaS s e mbly,.,d 
, em p««t»ie<>fs»idsubsnate. 

. 

» — * — — — — 

■ ,„„ mUiB 8-«* d " Kemb,>ht * ,e " < "" , " iMS 

158 . r*^*****.*-**-*""**' 
a plasma. 

4 0 159. The method ofclatm 151, wherein s 
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I60 . The method of claim 151, wherein said backside gas provides a backside gas pressure between 3-20 



ton. 



,61. The method of claim 151, wherein said backside gas provides a backside gas pressure between 6-10 
5 torr. 

1 62 A thin film deposition method comprising the acts of: 

' introducing a first gas into a deposition chamber for reacting with a surface of a substrate m the 
chamber to form a layer over the substrate; 
10 detecting a change in pressure of the first gas in the chamber; and 

automatically introducing a second gas into the chamber in response to the detection of the change 

in pressure. 



163. The 



method of claim 162, wherein the layer is formed directly on the substrate. 



^ 164 The method of claim 162, wherein introducing the first gas comprises introducing a precursor and 

wnerein introducing the second gas compnses using the second gas to purge the first gas fiom the chamber. 

,65. The method of claim 164, wherein the precursor forms a monolayer over the substrate. 

20 ,66. The method of claim ,64, wherein the precursor reacts with a monolayer previously formed over the 
substrate to form the thin film. 

167 The method of claim 162, wherein introducing the first gas comprises using the first gas to purge a 
25 third gas from the chamber, and, wherein introducing the second gas comprises introducing a precursor. 

,68. The method of claim 167, wherein the precursor forms a monolayer over the substrate. 

,69. The method of claim 167, wherein the precursor reacts with a monolayer previously formed over the 
30 substrate to form the thin film. 

,70. The method of claim 162, wherein introducing the second gas comprises using a single valve to stop 
the introduction of the first gas and to introduce the second gas. 



35 171. The 
reduction. 



method of claim 162, wherein detecting the change in pressure comprises detecting a pressure 



,72. The method of claim 162 further comprising the act of changing a pressure in the chamber by 
changing a conductance of a gas exit path from the chamber. 

40 
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.1. a ^ ,i a im 172 wherein changing the conductance comprises changing 

of the exit path. 

5 lHlh «w or «- P2, — *«« ». — . s«0 —* 

surrounding the substrate. 

pressure switch mounted within the chamber. 

from the chamber; 
Hetectine a pressure decrease of the second gas; and 

20 second gas. 

t , aAt „ f rrpat ine a plasma in the second gas to react 
178. The method of claim 162 further comprising the act of creating pi 

with the layer, 
the chamber. 

second gas in the chamber, 
second gas. 

35 , 83. •n, em e*ooofcl a unl62,wb ere ™*ea.mmn,c.m P ri S e Sa n,e B l. 
the chamber. 

40 , oo^c with the layer to form the thin film. 

185. The method of claim 162, wherein the second gas reacts w.th the lay 
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1 86. The method of claim 162 farther comprising the act of promoting a reaction between the layer and the 
second gas by increasing the pressure of the second gas in the chamber. 

187. A thin film deposition apparatus comprising: 
5 a thin film deposition chamber; 

a sensor for sensing pressure in the chamber; and 

a controller coupled to the sensor and for controlling introduction of a first and a second gas into the 
chamber, wherein if the sensor detects a decrease of the pressure of the first gas in the chamber, 
the controller automatically introduces the second gas into the chamber. 

10 

188. The apparatus of claim 187 further comprising a restriction defining a gas exit path from the chamber, 
wherein a variable conductance is defined for the restriction. 

189. The apparatus of claim 188, wherein the restriction comprises a gap between a support for a substrate 
15 and a movable shield around the support. 

190. An atomic layer deposition method comprising the acts of: 

supplying a first gas to a process chamber, wherein the first gas comprises a first reactant to react 

with a surface of a substrate in the process chamber to form a first layer; 
using a second gas to purge the first gas from the chamber; and 

subsequent to the purge, using a second reactant from the second gas to react with the first layer to 
form a second layer. 

191. The method of claim 190, wherein the reaction to form the first layer comprises chemisorprion. 

192. The method of claim 190, wherein the first reactant comprises titanium, tungsten, tantalum, or copper. 



20 



25 



193. The method of claim 190 further comprising the act of applying an electrical bias to the substrate to 
attract charged components of the first gas towards the substrate to promote a reaction of the first reactant 

30 with the substrate. 

194. The method of claim 193, wherein the electrical bias is DC. 

195. The method of claim 193, wherein the bias orients the first reactant with respect to the substrate. 

35 

196. The method of claim 195, wherein the magnitude of the bias is a minimum required to unpart on the 
first reactant a moment for correct orientation with respect to the substrate. 

197. The method of claim 190, wherein the acts of supplying the first gas, using the second gas to purge 
40 the first gas, and using the second reactant from the second gas to react with the first layer are repeated to 

deposit a film of a desired thickness. 
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• 198. The method of claim 190 further comprising the act of inserting a delay between the acts of supplying 
the first gas and using the second gas to purge the first gas. 

199. The method of claim 198, wherein the delay is sufficient to prevent a reaction between the first gas 
5 and the second gas. 

200. The method of claim 190 comprising the act of creating a plasma in the chamber to produce the 
second reactant. 



10 



15 



201. The method of claim 200 further comprising the act of controlling the creation of the plasma by 
varying a pressure of the second gas in the chamber. 

202. The method of claim 200 further comprising the act of using RF power to control ignition and 
termination of the plasma. 

203. The method of claim 190, wherein the reaction to form the second layer comprises a self-limiting 
reaction that halts once substantially all of the first layer reacts with the second reactant. 

204. The method of claim 190 further comprising the act of maintaining a temperature of the substrate at a 
20 temperature low enough to avoid decomposition of the first reactant and the second reactant. 

205. The method of claim 190, wherein the second reactant comprises hydrogen. 

206. The method of claim 190, wherein the second gas comprises argon, helium, hydrogen, or mixtures 
25 thereof. 

207. The method of claim 200, wherein the plasma comprises energetic ions. 

208. The method of claim 207, wherein the energetic ions comprise argon or helium ions. 

209. The method of claim 200, wherein the plasma comprises reactive atoms. 

2 10. The method of claim 209, wherein the reactive atoms comprise hydrogen. 



30 



35 



21 1. The method of claim 200, wherein the plasma comprises energetic ions, and further comprising the 
act of using the energetic ions to drive the reaction to form the second layer. 



212. The method of claim 190, wherein the first gas comprises t-butylimino tris(diethylamino)tantalum 
(TBTDET), (trimethylvinylsilyl)hexafluoroacetylacetonato copper I (Cupraselect®), 
40 pentakis(diethylamido)tantalum (PDEAT), pentakis(ethylmethylamido)tantalum (PEMAT), 

tetrakis(dimethylamido)titanium (TDMAT), tetrakis(diethylamino)titanium (TDEAT), CuCl, TaBr 5 , TaCU, 
TiCl 4 ,W(CO)«,orWF 6 . 
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213. The 



5 2RTta «««o f cU iml 90.^ ta ^^l»»^' sto8,eWeOf8M - 

15 layer. 

first reactant with reference to the substrate. 

4, *co»d gas .o pwge the first g.s from the 9™<" 



reactant and ions. 

30 



providing > precursor gas to « process cumber for reacting 
chamber; 

inducing a voltage on the substrate; and rf ^ 

35 using the induced voltage to promote a reactron between the precursor 

substrate. 

an electrostatic chuck supporting the substrate. 
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application of RF power 10 <he precursor g». 

226 The method of cUh»222, where,,, inducing me vo,,age comprise applieauon of 3 DC reference 
5 .CUge ,o on eieeoode posited oo . side of me sohsm,,. opposue from the precursor gas. 

interdigitated with another electrode. 

,„ 228. The me,hod of Com, 226. wherein rhe application of the DC reference vohoge is elusive of 
application of RF power ro the precursor gas. 

220 The method of Cain, 222, wherein .he .nducod eolroge imparts a momeor on , , reaotnnr in th. 
15 substrate. 

the moment. 

20 231. The method ofclaim 222, wherein the reaction comprises chemisorption. 

232. The method ofclaim 222, wherein the induced voltage is less than 50 V. 

233. T h emethodofclaim222, wherein the induced vohage is an opposite polarity ftom a charge of 
25 ligands in the precursor gas. 

23 4 The merhod ofclaim 222. wherein ,he precursor gas compriaes t-hutylimmo 

(TBTDET), end ihe poUn„ of me induced voltage rs pos,»vo. 

,0 235. The method ofclaim 222, wherein the precursor gas comprises 

rhimemyWWsilyDhexafluorcoce^cemn.ro copper ■ (Cupmselect®) » t-huryhmtno 

lib. ineni ,pfm AT"i tetrakis(diethylamino)htanium (TDEAT), 

35 (PDEAT), p e ntaki S (ethylmethyl a rmdo)tantalum (PEMAT), W** Y 

t etrakis(dimemylamido)ti«anium (TDMAT), TaBr 5 , TaCl 5 , T.CU, CuCl, W(CO) 6 , 
of the induced voltage is opposite to a charge of the precursor. 

237. Anatomic layer deposition ^^^^i* 
40 a process chamber for receivmg a precursor gas for reacting w»n 

chamber; and 
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WO 02/081 a 7 DC reference voltage sou.ce coupled to induce a voUage on the subs.ate to pro.ote a .action 
between the precursor and the surface of the substrate. 

238 The apparatus of claim 237 further comprising an e.ectrostatic chuck supporting the substrate, 
5 wherein an electrode in the chuck is coupled to the DC reference voltage source. 

239. The apparatus of claim 237 further comprising an RF power source coupled to provide RF power to 
the gas. 

„, Bg e S ol.obec.up Wt o«uce l h«v otaB eo„,hes 0 bs O «e,na,o pre ,«»„he R Fpow etS ou«e 
from being coupled to provide RF power to the gas. 

2 4 , The apparatus of claim 237 fonhe, comprising »„ electrode positioned on a side of the substrate 

242. The apparatus of chum 241, wherein the electrode comprise an annul* shape, a D-shrtpo, or . shape 
interdigitated with another electrode. 

20 243. The apparatus of claim 24. further comprising tr„ RF power sotuce coupied ,0 provide RF power to 
the electrode. 

^ 1 »JL-a.^.*^-•»^•■» F '----• tat - ,o, * w "*■ 



vo 

25 electrode 



245 The appanrrus of claim 237, wheroi. the induced voltage tmpum a momen. o. a reacun, in dre 
substrate. 

the moment. 

247. The apparatus of claim 237, wherein the reaction comprises chemisorption. 
^ 248. The apparatus of claim 237, wherein the induced voltage is less than 50 V. 

charge of ligands in the precursor gas. 



40 



250 The apparatus of claim 237, wherein the precursor gas comprises t-butylimino 
tris(diethylamino)tantalum (TBTDET), and the polarity of the voltage is posmve. 
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25 1 . The apparatus of claim 237, wherein the precursor gas comprises 

(trimethylvinylsilyl)hexafluoroacetylacetonato copper I (Cupraselect®), and the polarity of the induced 
voltage is negative. 

252. The apparatus of claim 237, wherein the precursor gas comprises pentakis(diethylamido)tantalum 
(PDEAT), pentakis(ethylmethylarnido)tantalum (PEMAT), tetrakis(diethylamino)titanium (TDEAT), 
ten-akis(dimethylamido)titanium (TDMAT), TaBr 5) TaCl 5 , TiCU, CuCl, W(CO) 6 , or WF 6 , and the polarity 
of the induced voltage is opposite to a charge of the precursor. 

253. The apparatus of claim 237 further comprising first and second electrodes positioned on a side of the 
substrate opposite from the precursor gas, and, wherein the DC reference voltage source comprises a first 
voltage supply coupled to the first electrode and a second voltage supply coupled to the second electrode. 

15 254. The apparatus of claim 253 further comprising an RF power source coupled to the first electrode. 

255. An atomic layer deposition (ALD) processing system comprising: 

a process chamber; and 

an N-way valve structure coupling gases to said process chamber. 

20 

256. A system comprising: 

a deposition process chamber defined at least in part by a top, a bottom, and a peripheral wall; and 
a plurality of orifices in the wall, wherein the orifices are positioned to introduce a gas into the 
chamber in a plane substantially parallel to a deposition side of a substrate positioned in the 
25 chamber. 

257. The system of claim 256, wherein the bottom comprises a support structure on which the substrate is 
positioned during a deposition process, and, wherein the support structure comprises at least one orifice for 
introducing gas near the wall. 

30 

258. The system of claim 257, wherein the at least one orifice in the support structure is positioned outside 
a periphery of the positioned substrate. 

259. The system of claim 257, wherein the at least one orifice in the support structure is positioned inside a 
35 periphery of the positioned substrate. 

260. The system of claim 257, wherein the bottom comprises a support structure on which the substrate is 
positioned during a deposition process, and, wherein the support structure comprises a plurality of orifices 
positioned near a periphery of the positioned substrate. 



40 



261. The system of claim260, wherein the plurality of orifices in the support structure are positioned 
outside the periphery of the positioned substrate. 
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262. The system of claim 260, wherein the plurality of orifices in the support structure are positioned 
inside the periphery of the positioned substrate. 

5 263 T*^*d*^^*^<^*^^~™*^ h 
J positioned during a depos.tion process, and, wherein the support structure comprises at least one onfice 

positioned to ensure a constant pressure gradient at a periphery of the positioned substrate. 

264. The system of claim 256, wherein the wall is sized such that the orifices introduce the gas Cose to a 
10 peripheral edge of the substrate. 

265 The system of claim 256, wherein: 

the bottom comprises a pedestal over which the substrate is positioned; 
the top comprises a chamber lid offset in a particular dimension from the pedestal; and 
15 the wall comprises a movable shield surrounding at least a portion of the pedestal and at least a 

portion of the lid, wherein the shield moves back and forth around the chamber lid and the 
pedestal in the particular dimension. 

266. The system of Cairn 256 further comprising a gap defined between the bottom and the peripheral 
20 wall, wherein the gap surrounds the substrate positioned in the chamber. 

267. The system of claim 266, wherein the gap comprises a variable gas flow restriction. 

268. The system of Cairn 267, wherein the restriction is made variable by movement of the wall. 

269. The system of claim 266, wherein the gap comprises an annular shape. 

270. The system of claim 256 further comprising a gap defined between the top and the peripheral waU. 
30 271. ThesystemofCaim270,wherein m egapcomprisesavariablegasflowrestrictio. 

272. The system of claim 271, wherein the restriction is made variable by movement of the wall. 

273. The system of claim 270, wherein the gap comprises an annular shape. 

35 

274. The system of claim 256 further comprising: 

a first gap defined between the bottom and the peripheral wall; and 
a second gap defined between the bottom and the peripheral wall; 
wherein the first gap surrounds the substrate positioned in the chamber. 



40 



275. The system of Cairn 274, wherein the first and second gaps comprise variable gas flow restrictions. 
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276. The system of claim 275, wherein the restrictions 

5 278 A method comprising the acts of: 

deposition side. 



10 



peripheral wall of the chamber. 
I5 28 0. The m d»d of ci.im 2,9, »he*in — g - * «"« "T" " 

28 ^ m ^cfe him 280,» to = i nd«or«,«hoHf,ce iS posmon«d.u^*ep=riph^o ffc 
substrate. 

282 . The -od rfd*. 2*0, wherein ,he o, «l o.if.c. is po*i,io»ed «d. ,he peHphe* of 



20 

substrate. 



25 side end gas i-rodueed W «* suppon s.me«« is te same W e of g .s. 
substrate. 

30 285 r»en*thodofcla^ 

orifices positioned in a peripheral wall of the deposition chamber. 

orifice positioned in a peripheral wall of the deposition chamber. 

" 287. t*^**™^"^***^*^"*""^*' 
direction substantially perpendicular to the deposition side. 

288. Tnemetl.od of claim278 further comprising the act of ^ con.olling a flow of B as through the chamber 
40 by varying a flow restriction through which gas exits the chamber. 

289. The method of claim 288, wherein the restriction surrounds the substrate. 
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290. The method of claim 278 further comprising the act of controlling a pressure of gas in the chamber by 
varying a flow restriction through which gas exits the chamber. 

5 29 1 . The method of claim 290, wherein the restriction surrounds the substrate. 

292. The method of claim 278 further comprising the act of introducing gas into the chamber through a top 
of the chamber and in a direction substantially perpendicular to the deposition side. 

10 293. The method of claim 292, wherein gas introduced in the plane substantially parallel to the deposition 
side and gas introduced substantially perpendicular to the deposition side is the same type of gas. 

294. The method of claim 292 further comprising the act of moving the plane of parallel gas introduction 
in a direction substantially perpendicular to the deposition side. 

15 

295. The method of claim 292 further comprising the act of controlling a flow of gas through the chamber 
by varying a flow restriction through which gas exits the chamber. 

296. The method of claim 292, wherein the restriction surrounds the substrate. 

297. The method of claim 292 further comprising the act of controlling a pressure of gas in the chamber by 
varying a flow restriction through which gas exits the chamber. 

298. The method of claim 297, wherein the restriction surrounds the substrate. 

299. The method of claim 292 further comprising the act of controlling a flux of gas in the chamber by 
varying a flow restriction through which gas exits the chamber. 

300. The method of claim 299, wherein the restriction surrounds the substrate. 

30 

301. The method of claim 292, wherein the parallel and perpendicular gas introduction is simultaneous. 

302. A method comprising the acts of: 

supplying an atomic layer deposition process gas to a process chamber, wherein a gas flow 
35 conductance is defined for gas exiting the chamber; and 

varying a flux of the deposition process gas to a substrate in the process chamber by varying the 
conductance; 

wherein varying the conductance comprises varying a restriction through which gas exits the 
chamber. 

40 

303. The method of claim 302 further comprising the act of maintaining a substantially constant flow rate 
of the gas into the chamber while varying the conductance. 
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304. The method of claim 302, wherein varying the conductance varies a flux of ions to the substrate. 



305. The method of claim 302, wherein varying the conductance varies a flux of reactive atoms to the 
5 substrate. 

306. The method of claim 302, wherein the flux of the gas on the substrate varies inversely with the 
conductance. 

10 307. The method of claim 302, wherein a pressure in the process chamber varies inversely with the 
chamber conductance. 

308. The method of claim 302, wherein varying the conductance comprises alternating the conductance 
between a first conductance and a second conductance, the second conductance being higher than the first 

15 conductance. 

309. The method of claim 308, wherein the alternating between the first and second conductances is 
periodic. 

20 310. The method of claim 308 further comprising the act of generating ions during first conductance 
periods. 

311. The method of claim 308 further comprising the act of generating reactive atoms during first 
conductance periods. 

25 

312. The method of claim 308 further comprising the act of generating a plasma during first conductance 
periods. 

313. The method of claim 312, wherein generating the plasma comprises applying RF power within the 
30 process chamber during first conductance periods. 

314. The method of claim 312, wherein generating the plasma comprises applying constant RF power 
within the process chamber, and further comprising the acts of: 

igniting the plasma by increasing chamber pressure by lowering the conductance; and 
35 extinguishing the plasma by decreasing chamber pressure by increasing the conductance. 

315. The method of claim 302, wherein said varying a flux is part of a deposition sequence, the deposition 
sequence comprising separating each of a plurality of low conductance periods from one another by one of 
a plurality of high conductance periods. 

40 

316. The method of claim 302, wherein the deposition process gas is a first deposition process gas, and 
further comprising the acts of: 
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using the first deposition process gas to form a monolayer on a surface of the substrate, 

removing the first deposition process gas from the chamber; 
introducing a second atomic layer deposition process gas to the process chamber; 
generating ions from the second deposition process gas by igniting a plasma; 
5 Lgtheionstop^^ 
and 

removing the second deposition process gas; 

where ,n varymg the conductance comprises mcreasmg the conductance dunng the removurg of *e 
first deposition process gas, decreasing the conductance during the introduction of the second 
deposition process gas, and increasing the conductance during the removing of the second 
deposition process gas. 

3,7. The «hod of cisim 302, wherein ,he deposit™ P™- ** is a <*« *P<*«- ^ - 

further comprising the acts of: 

using the first deposition process gas to form a monolayer on a surface of the substrate; 
removing the first deposition process gas from the chamber; 
introducing a second atomic layer deposition process gas to the process chamber; 
generating reactive atoms from the second deposition process gas by igniting a plasma; 
reacting the reactive atoms with the monolayer to form a thin film; and 
70 removing the second deposition process gas; 

wheremvaryingthecondu^^ 

deposition process gas, decreasing the conductance during the introduction of the second 
deposition process gas, and increasing the conductance during the removmg of the second 
deposition process gas. 

25 318. The method of claim 302 further comprising the act of introducing purge gas pulses to the process 
chamber. 

3,9 The method of claim 318, wherein varying the conductance comprises varying the conductance 
and a period of first conductance occurs between the second conductance periods. 
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320 A method comprising the acts of: 

' estabhshmgafirstfiuxofafu.tatomiciayerdepositionprocessgasoverasu^ 

process chamber by setting a first conductance of the chamber as the first process gas depostts 
monolayer over a surface the substrate; 

•HN, a *co„d flu* ft. M P— I- — *• *"»°" e * ' 

.f the chamta, higher *„ the Ars, ctetanc, as Ore flrs< process gas is «■*>•«« ftom ft. 

40 chamber; 
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establishing a first flux of a second atomic layer deposition process gas over the substrate by setting 
a third conductance of the chamber as the second process gas reacts with the deposited 
monolayer; and 

establishing a second flux of the second process gas over the substrate by setting a fourth 
5 conductance of the chamber, higher than the third conductance, as the second process gas is 

removed from the chamber. 



321. A method comprising the acts of: 

supplying an atomic layer deposition process gas to a process chamber, wherein a gas flow 
!0 conductance is defined for gas exiting the chamber; and 

varying a flux of the deposition process gas to a substrate in the process chamber by varying the 
conductance; 

wherein varying the conductance comprises moving a shield defining a periphery of the chamber. 
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